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CHARTS FOR DESIGN REINFORCED CONCRETE COLUMNS 


SYNOPSIS 


Curves are presented which enable the designer immediately determine 
the necessary size and reinforcing for giventhrust and moment. The curves 
are based the ultimate strengthof the column section and cover six column 
sizes for each three concrete strengths. The curves are directly applicable 
square tied columns with eccentricities about one axis. 


INTRODUCTION 


Ever since the ASCE ACI Joint Committee Ultimate Strength Design 
published their report much has been written regarding the impli- 
cations the report, both from the standpoint design philosophy and member 
sizes resulting from ultimate strength design. recent paper® Alfred 
Parme, ASCE, discusses thoroughly the comparison between member 


Note.—Discussion open until October 1960. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. This paper part 
the copyrighted Journal the Structural Division, Proceedings the American So- 
ciety Civil Engineers, Vol. 86, No. May, 1960, 

Prof. Civ. Engrg., Duke University, and Partner, Gardner, Jr. and 
Assocs., Durham, 

Partner, Gardner, Jr. and Assocs., 

“Report, ASCE-ACI Joint Committee Ultimate Strength Design,” Proceedings, 
ASCE, Vol. 81, October, 1955. 

“Simplification Design Ultimate Strength Procedures,” Phil Ferguson, 
Proceedings, ASCE, Vol. 82, No. July, 1956. 

“Guide for Ultimate Strength Design Reinforced Concrete,” Charles Whit- 
ney and Edward Cohen, Proceedings, ACI, Vol. 53, November, 1956, pp. 455-490. 

“Practical Aspects Ultimate Strength Design,” Alfred Parme, Proceedings, 
ASCE, Vol. 84, No. September, 1958. 
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sizes designed the conventional “working load” method and ultimate 
strength. The economy gained using ultimate strength design for 
columns with eccentric loads clearly demonstrated therein. The writers 
have noted these substantial savings columns actually designed. 

present, the designer who wishes take advantage the smaller column 
sizes permitted ultimate strengthanalysis must perform several more steps 
his computations that would perform were using the conventional 
approach the Several ingenious graphical solutions for the cum- 
bersome formulas ACI 318 have been published, and these design aids 
considerably time required choose The curves here 
presented (Figs. through 18) are those devised Charles 
Although not general, these curves permit faster determination 
reinforcing when designing, ultimate load capacity when checking. Ex- 
amples later show how easily these steps can accomplished. 


LIMITATIONS AND ASSUMPTIONS 


The writers understand that column design tables, similar those 
are being prepared for ultimate loads rather than working loads. 
The publication date these data still uncertain, however. The curves pre- 
sented herein are effort make immediately available design aids that, 
while not covering all possible column sections, should prove useful the de- 
sign most conventional type structures. For the sake more immediate 
presentation, therefore, the curves have been drawn only for square columns 
eccentrically loaded about one axis and symmetrically reinforced, with the 
steel arranged parallel tothe axis bendingand the sec- 
tion depth therefrom. The reinforcing has been placed 0.2 the depth from 
the tension and compressive faces; this arrangement suffices without undue 
loss accuracy for the column sizes shown. 

The conditions which the curves apply are: 


Columns are square. 

Axial loads are eccentric about one axis amount 1.25 times 
the section depth. 

Tensile and compressive reinforcement symmetrical about the axis 
bending, the centroid the steel each face being 0.3 the section 
depth from the axis. 

Concrete and reinforcing strengths are shown the charts. 


Spot checking the curves has indicated maximum error with most 


errors being less than 1%. 
Notation corresponds that defined the ACI Building Code 


“Concrete Reinforcing Steel Institute Handbook-Revised,” 1957 Edition, pp. 255-336. 
“Ultimate Strength Design Charts for Columns Controlled Tension,” Tung Au, 
Proceedings, ACI, Vol. 54, December, 1957. 
“Application Plastic Theory the Design Modern Reinforced Concrete Struc- 
tures,” Charles Whitney, Journal, Boston Soc. Civ. Engrg., Vol. XXXV, January, 
1948, 29. 
“Allowable Loads Eccentrically Loaded Concrete Columns,” Morris, 
Atlanta, Ga. 
“Building Code Requirements for Reinforced Concrete,” ACI 318-56, Proceedings, 
ACI, Vol. 52, May, 1956, 981. 


th 
5 
Sone 
4 
+ | 


ri 


ack 
' } | | 
| | | ~ 
| | | | | | | 
| 
| | } = 
| | | ~ 


May, 1960 


oo1 


| 


(seysut) 
oO 


| 
+ 


HH H+ 
| | 


4 


CONCRETE COLUMNS 


| 
| | | 
' 
j | 
= 


‘ 


psi 


4000 


May, 1960 


14°15 17 


«13 


9 10 


e* (inches) 


(inches) 


FIG, 


00z 


00s 


CONCRETE COLUMNS 


| 
| 
| | 
|_| 
| 
aa ! 2 
| | | | | | 
| | 
i 
| ~ | / | 
| | | | | | | 
} + +f +f a —_}— ~-—+— 
| | | | | 
| | | | | | 
| | | | | | 
| | | | | | | | | | | | | | 
| | | | | | 
\ 
| 


(seysut) 


| | | ae 

an 

4 


ci 


+ + 


isd isd 


© 
| | | 
| | 
| | | 
| 
2 | | | | | 
' | a oly 
| | | 
| | | | | 
: 
Mi 


w 
(seyout) 


May, 1960 


(seyout) 


CONCRETE COLUMNS 


e' (inches) 


FIG, 


psi 
psi 


psi 


a 
- | | | | 
re 
at 


May, 1960 
USE CHARTS 


The use the charts largely self-evident and will demonstrated 
two examples. 

Example 1.—Given in. in. column, reinforced with four bars 
with in. concrete cover, subjected ultimate compressive load, Pu, 
350 kips acting eccentricity, 2.50 in. about one axis. With values 
4,000 psi and 50,000 psi, determine the adequacy the section. 

From Table the percentage reinforcement, for in. in. 
column with four 1.22% 0.0122. Entering with 2.50 in., 
and proceeding upward the curve for 0.0122 (interpolating between 
0.01 and 0.021, one finds the maximum value 323 kips, 


TABLE 1.—REINFORCING FOR ONE-WAY BENDING. PERCENTAGES SQUARE 
COLUMN GROSS AREA, 


Reinforce- Side, Inches 

Four 

Four 

Six 

Four 

Four 
Four #10 
Four #11 
Six #10 
Six #11 
Eight #10 
Eight #11 
Ten #11 


column, accordance with ACI 318-56, 1103 (b) and 1104 (a). Reinforcement placed 


this manner agreement with assumptions made constructing ultimate load charts. 


less than 350 kips. Therefore, the section inadequate. (Reinforcing such 
that 0.02 would make the section inadequate. From Table four bars 
would provide ratio 0.022). 

Example 2.—Given 3,000 psi concrete, 50,000 psi steel, 450 kips, and 
3.20 in. Select reinforcing for in. in. column and for in. 
in. column. 

From Fig. the required 0.034. From Table use six #10 (with three 
bars along each face parallel axis bending). 

From Fig. the required about 0.0115. From Table use four 
bars. 

the conditions for which the curves were drawn are not satisfied, the de- 
signer may able adapt them his situation after studying the effects 


ax ade: 


4a 
This table includes many bars for each section will fit along two faces the 
= 
¥ 
| 
| 
| 


CONCRETE COLUMNS 


varying the parameters the ACI 318 formulas similar expressions. 
One common case which the curves can adapted arises with the use 
concrete having compressive strength 3,750 psi. one multiplies the 
values obtained from the curves for 4,000 psi concrete 3,750/4,000 
0.94, one obtains value always the conservative side with maxi- 
mum error 4%. For instance, fc' were 3,750 psi instead 4,000 psi 
Example the maximum value with the given reinforcement would 
0.94 323 304 kips. 


CONCLUSIONS 


hoped that these design aids will helpin breaking down resistance tothe 
use ultimate strength design. should borne mind, however, that the 
curves presented are merely graphical solutions Eqs. and the Joint 
Committee Report (Eqs. and the Appendix, ACI 318 56) for certain 
types column sections. such, they eliminate the need some arith- 
metic, but they not reduce the requisite understanding the provisions 
the report. 
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DESIGN CONSIDERATIONS FOR FATIGUE TIMBER 


Wayne Lewis,! ASCE 


Working stresses for timber are developed from average test values for 
clear wood applying factors for normal variability, indeterminacy stress 
analysis, natural strength-reducing characteristics present structural tim- 
bers, and duration loading. Normally, allowance made for fatigue— 
that is, provide for the possibility that failure may result from accumu- 
lation cyclic stressing during the life the structure. This paper summa- 
rizes information now available fatigue woodand investigates the adequacy 
design based present-day working stresses with respect fatigue. 


INTRODUCTION 


Fatigue has been termed the “forgotten member the design family.” 
Barlow, 1929, that 


“Fokker’s reasons for retaining wood-wing construction for monoplanes 
are summed the word ‘fatigue.’ Claims new materials light- 
ness must reviewed association with their fatigue limits. Fatigue 
properly seasoned wood 


Note.—Discussion open until October 1960. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. This paper part 
the copyrighted Journal the Structural Division, Proceedings the American So- 
ciety Civil Engineers, Vol. 86, No. May, 1960. 

Presented the February 1959 ASCE Convention Los Angeles, Calif. 

Engr., Forest Products Lab. Forest Service, Dept. Agric., Madison, Wisc. 

“The Weight Aircraft,” Barlow, Aircraft Engineering, Vol. 1929, 
29. (Abstracted “Abstracts Articles the Fatigue Metals under Repeated 
Stress Appearing the Technical Press from July 1928, June 30, 1929,” prepared 
ASTM Research Committee Fatigue Metals.) 
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more likely that, with the approximate methods design used that 
day, actual stresses which were repeated aircraft were low that fatigue 
failures did not develop during the life the aircraft. more nearly accurate 
analysis the aspects fatigue failures timber contained the report 
the subcommittee duration load and fatigue, the Committee Tim- 
ber Structures.3 Pointing out that wood subject fatigue failures the 
same way other materials, the report states: 


“The fatigue strength large numbers repetitions stress fi- 
brous materials, such wood, higher proportion the static 
strength than crystalline materials like metals. consequence, 
actual stresses wood structure are usually lower than the repeated 


stresses that will produce failure during the normal service life 
structure.” 


Though there have been but few fully authenticated examples fatigue 
failures actual service, laboratory studies have clearly demonstrated that 
wood structural member part subjected sufficient number 
repetitions stress sufficient magnitude, will fail. Fatigue failures 
wood have the same appearance static failures. This points out the possi- 
bility that some service failures fatigue have been classified static struc- 
tural failures. 

metals such steel, ordinary static failure accompanied 
ductile flow, there noticeable difference between that kind failure and 
failure from fatigue, which characterized its brittle appearance. Fatigue 
failures steel show the crystalline character the metal, and, the ver- 
nacular, said that the component having the failure has “crystallized.” 

Much more known about fatigue metal, riveted joints, and the coid 
working and stress relieving metal pafts and structural components than 
known wood. This largely because the science fatigue behavior 
empirical machine parts are more often stressed sufficient number 
times that fatigue failures develop; although some moving parts ma- 
chines, such Pitman arms, continue made from wood because their 
superior fatigue resistance and their high strength-weight ratio. 

refinements are made indesign methods, and withthe the glued 
laminating industry, more and more will need consider the possi- 
bility failure from fatigue engineered,structures wood. the pur- 
pose this paper assemble what information available the fatigue re- 
sistance wood stressed different ways and, the basis results 
experimental programs completed date (1960), analyze existing data 


light the working stresses usually used the design civil engineering 
structures. 


FATIGUE TERMS AND RESULTS DESCRIBED AND DEFINED 


Before any good understanding fatigue possible, necessary de- 
fine and describe just what fatigue is. Fatigue engineering materials de- 
fined the progressive damage and failure that occur when structure 
part subjected repeated loads magnitude smaller than the indicated 


“Duration Load and Fatigue Wood Structures,” Proceedings, Committee 
Timber, ASCE, Vol. 83, 1957. 
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static strength. strength,” used the definition, means the one- 
time load strength and the strength member measured static- 
stress test min min duration. 

Stresses engineering members are various types. they come into 
the member slowly and stay for length time, they are said static 
stress. they come quickly and stay for short period, they are classi- 
fied impact shock loading. Actual stressing any member may 

combination static and dynamic loading, and indesign the cumulative effects 
should considered two ways. One, that duration load, handled 
the factor for normal long-time loading Wood where 
factor 5/8 applied the average static-strength property for accumula- 

fatigue, the repetitions design stress near-design stress proba- 
ble possible during the normal life the structure are more than 100,000 
cycles, some such consideration for fatigue should made. design con- 
siderations, either duration repetition load will usually governing 
factor; and repetition load governs, then the design stress used should 
less than that which would produce fatigue failure under the number repe- 
titions possible probable during the life the structure. 

How fatigue resistance measured? test, specimens are loaded repeti- 
tively predetermined level stress and the number cycles that pro- 
duces failure determined. For number different specimens loaded 
different maximum stresses, several values stress and numbers cycles 
failure will obtained. When these values are plotted with the maximum 
repeated stresses ordinates and the corresponding numbers cycles 
stress failure (usually logarithmic scale) abscissas, possible 
connect the points into curve descending order. the magnitude 
repeated stress decreases, the number cycles failure increases. The 
curve called the S-N diagram. Fig. shows typical S-N diagram for wood 
shear. 

tests steeland some other materials, diagram levels out the 
lower portion, and possible todraw horizontal line below which repeated 
stresses will not produce fatigue failure infinite number cycles. The 
level stress for the horizontal portion called the endurance limit, and 
defined the maximum stress which can repeated infinite number 
times without inducing failure. wood, many metals other than steel, and 
plastics, the S-N curve continues decrease even beyond 10,000,000 
common end point test, fatigue strength becomes the important term. 
Since fatigue strength the maximum stress than can repeated for given 
number cycles without causing failure, any value for fatigue strength must 
include the number cycles—thus, “fatigue strength for million cycles” 
“fatigue strength for 100,000 cycles.” For practical purposes, fatigue 
strenght for 10,000,000 cycles can used for wood civil engineering the 

same way that the endurance limit used for steel, because there only 
remote possibility that many repetitions stress will encountered 
actual use. 

The fatigue behavior materials influenced the amplitude the stress 
cycle well asby the amount the maximum stress, The greater the differ- 
ence between the minimum and the maximum stresses for each cycle, the 


“Safety Factor Design Timber Structures,” Wood, Proceedings, 
ASCE, Vol. 84, 1958. 
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smaller will the number cycles before failure. The ratio minimum 
maximum repeated stress called the stress ratio, and other terms 
are defined ASTM its manual fatigue 

groups tests are made the same material with the same kind 
specimen different stress ratios, the result will family S-N curves, 
which the curves with the greatest stress amplitude (lowest stress ratio) 
will the lowest position, relatively. This meansthat the fatigue life (num- 
ber cycles failure) will less given maximum stress mini- 
mum repeated stress 10% the maximum stress per cycle (stress ratio 
0.10) than 30% (stress ratio 0.30). 

Stresses structure may repeated, from zero some value, 
from some value another higher one the same direction, they may 
partially completely reversed. Partially reversed loading occurs where 
repeated stresses are not the same either direction; fully reversed stresses 
are equal magnitude, compression and tension positive and 
negative shear. Fully reversed stressing the most severe loading condition 
and will give S-N diagrams the lowest position. Partially reversed stress- 
ing gives S-N diagrams higher position than does fully reversed stressing, 
but lower position than does repeated stressing. The stress ratio ex- 
pressed for fully reversed loading and negative deciman for partial- 
reversed loading. 

Nearly all fatigue tests wood and wood construction have been made un- 
der repeated loading conditions, because this the most common loading 
such structures timber-bridge stringers, other beams subjected repeated 
loads, and components arches and trusses. Because some dead load always 
remains the members, and for practical reasons testing, stress ratio 
0.10 has been selected for most the tests. Inthe following sections this 
paper, the available information fatigue-test results pertinent totimber and 
glued wood constructions summarized. 


FATIGUE WOOD BENDING 


Much put into structures where repeated loading may bea fac- 
tor used for beams, such stringers bridges and girders buildings, 
where vibratory stresses from heavy machines are transmitted through the 
floor system. report has been made® investigation the fatigue re- 
sistance quarter-scale bridge stringers green and dry southern pine. 
This research was jointly financed the Association American Railroads 
(AAR) and the Forest Products Laboratory. 

Beams are subjected combination forces, tension, and compression 
opposite faces areas greatest bending moment and shear areas 
greatest total force near supports. The span-depth ratio and location 
loads determine the relative importance the bending and shear stresses, 
the study quarter-scale stringers, specimens were loaded the third 
points, and the green and dry specimens with either straight 1:12 sloping 
grain, failure bending was critical under either static fatigue (repeated) 
loading. some the dry specimens, artificial checks were cut the shear 


“Manual Fatigue Testing,” Committee E-9 Fatigue, ASTM, Special Tech. 
Publication No. 91, 1949. 

“Fatigue Resistance Quarter-Scale Bridge Stringers Green and Dry Southern 
Pine,” Lewis, AREA Bulletin, No. 538, 1957, pp. 363-390. 
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portion simulate the maximum could occur from drying. those 
specimens, shear was critical, and all the fatigue specimens and most ofthe 
static specimens failed shear. 

The fatigue tests green material indicated that, the repeated maximum 
stresses were low enough that compression failures did not develop, the 
specimen withstood 10,000,000 repetitions for stress ratio 0.10 without any 
failure. The fatigue strength for failure 10,000,000 cycles was indicated 
50% the static strength for straight-grained material, and 60% the 
static strength for 1:12 slope grain. The fatigue strength the green ma- 
terial tested was indicated about 3,000 psi for both the straight-grained 
specimens and those with 1:12 slope grain. 

The fatigue tests the dry specimens without the artificial checks indicated 
that the fatigue failures inthe straight-grained specimens were incompression 
followed tension and that, for stress ratio 0.10, the fatigue strength 
10,000,000 cycles was about 50% the static strength, about 7,000 psi for 
the material tested. Those with the 1:12 slope grain usually failed corss- 
grain tension with visible compression, and the indicated fatigue strength 
for 10,000,000 cycles was about 45%of the static strength, 4,500 psi for the 
material tested. 

The air-dry specimens with the artificial checks, which reduced the width 
the area shear one-half, indicated that fatigue strength for 10,000,000 
cycles was 35% the static strength for both the straight-grained specimens 
and those with 1:12 slope. This amounted 300 psi computed the gross 
section for straight-grained material psifor 1:12 slope. 


FATIGUE WOOD COMPRESSION TENSION 


Until afew years ago, the phenomenon fatigue failure was associated only 
with tensile stressing. failures observed service were associated 
with tension crack failure. most structures, members are sufficiently 
large sothat nearly pure stresses occur incritical areas where fatigue failures 
could develop. The information already presented compression introduced 
bending useful appraising the possibility fatigue failures compres- 
sion. If, borne out those tests, stresses compression are high 
enough that failures can develop green material after very few cycles 
and those stresses are 50% more the modulus rupture, there Little 
possibility fatigue failure. terms compressive strength, there little 
question about the resistance fatigue. Compressive strength green wood 
1/2 2/3 the modulus rupture, the fatigue strength for 10,000,000 
cycles compression parallel grain would least 75% the static 
strength for green material. 

The static compressive strength air-dry wood ranges from about 45% 
60% the modulus rupture. The fatigue bending tests air-dry wood with 
straight grain indicated that the fatigue strength for 10,000,000 cycles (stress 
ratio 0.10) was about the modulus rupture. that basis, the fatigue 
strength compression can estimated 80% the compressive 
strength parallel the grain. These analyses canbe considered conservative, 
since, members stressed, the ability the member carry compres- 
sive loads not lost entirely when compression failures develop inthe fibers. 
Members with compression failures will strong enough carry practically 
the same loads those that produced the failure. 
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This not tension parallel the grain. When tension failure de- 
velops, either service test, the breakage fiber that results means 
that the portion that failed incapable carrying further load. the failure 
complete, means the member can carry has been reported? 
that fatigue strength tension parallel grain for Douglas fir and white oak 
for 10,000,000 repetitions stress (stress ratio 0.10) was 50%or more the 
static strength. Static tensile strength values the Douglas fir ranged from 
9,000 psi 20,900 psi for range specific gravity 0.40 0.55, with 
average 14,370 psi for specific gravity 0.47 (based weight and volume 
ovendry wood). Corresponding values for white oak ranged from 9,000 psi 
24,300 psi for range specific gravity from 0.54 0.83, with average 
16,620 psi for specific gravity 0.66. 


FATIGUE BOLTED JOINTS 


The Central Research Laboratory the AAR has been engaged fatigue 
study bolted joints corresponding the joints used trestles where sway 
bracing bolted piling. While quantitative values fatigue strength are 
not available because the study has not »een completed, important qualitative 
information the mode failure has been The failures fatigue 
the wood members bolted joint are indefinite, that the end point 
test arbitrary one based enlargement the hole which the bolt 
fitted. load, increasing the size hole, produce joint 
that has more slippage than can tolerated. Asa result, becomes neces- 
sary repair the joint. The fatigue damage requires maintenance expendi- 
ture but does not cause loss strength, and the type failure does not en- 
danger the structure itself. 


FATIGUE GLUED JOINTS USED LAMINATED MEMBERS 


Because more glued-laminated members are now used structures than 
formerly, the question the fatigue resistance the glue and the glued joints 
wood important consideration for repetitions loading. series 
tests was that involved (1) tension parallel grain Douglas fir 
and white oak specimens, with and without glued scarf joints; (2) tension per- 
pendicular the grain specimens Douglas fir; and(3) glue shear (corres- 
ponding stresses that can introduced glue lines between lamina) 
laminated Douglas fir and white oak. was concluded that, long proper 
considerations are any reduction static strength, great- 
likelihood that fatigue failures will develop inthe well-made glued joints than 
the wood. 

the glued-laminated shear specimens, failures occurred both under static 
loading and from fatigue the wood itself, rather than the glue line, 
values obtained are significant from the standpoint fatigue wood shear. 
Fatigue strength 10,000,000 cycles stress (stress ratio 0.10) was about 
45% the static strength for both species, Static strength averaged about 750 
psi for the Douglas fir and 1,300 psi for the white oak. that basis, for ma- 
terial the quality included those tests, the fatigue strength for 10,000,000 


“Fatigue Wood and Glued Joints Used Laminated Construction,” 
Lewis, Proceedings, Forest Products Research Soc. Vol. 1951, pp. 221-229. 
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repetitions stress would about 340 psi for Douglas fir and 580 psi for 
white oak. 


THE RELATION FATIGUE STRENGTH WORKING STRESSES 


While the data fatigue wood are admittedly incomplete, there suf- 
ficient information available for some comparisons based working stresses 
currently recommended. any structure subjected number repe- 
titions stress, the engineer interested determining whether not the 
design stresses uses are below those that will cause either failure ex- 
cessive maintenance from fatigue produced repetitions stress. Wood 
points that, arriving working stresses for normal loading, factors 
for (1) variability, (2) duration load, (3) combination other factors, and 
(4) the strength ratio based the maximum defect allowed certain stress 
grade are applied the strength clear wood arriving ata working stress. 
working stress developed this way gives near minimum factor safety 
1-1/4 1-1/2, with average more nearly equal 2-1/2. 

and the near minimum safety are combined, the mini- 
mum combined factor 5/8 times 4/5, 0.50, for normal loading; the 0.50 
equal less than the indicated fatigue strength for 10,000,000 cycles 
stress the following instances: 


Bending green, straight-grained material 
Bending green, 1:12 slope-of-grain material 
Bending air-dry, straight-grained material 
Compression parallel surface, green material 
Compression parallel surface, air-dry material 
Tension parallel grain, air-dry material 


The values were 0.5 obtained combining the factor for dura- 
tion load and near minimum factor safety only (1) bending air-dry 
specimens with 1:12 slope grain, where the fatigue strength was indicated 
45% the modulus rupture; (2) shear checked specimens 
with either straight grain 1:12 slope with indicated fatigue strength for 
10,000,000 cycles 35% static strength; and (3) the laminated shear speci- 
mens Douglas fir and white oak with indicated fatigue strength for 
10,000,000 cycles 45%. 

The question naturally arises: “Why was near minimum factor safety 
used the combination factors?” Repeated loadings not reduce the mar- 
gin safety from static loading. Tests the Forest Products Laboratory, in- 
volving specimens loaded repeadedly bending to1,000,000 times 50% 
static strength, have shown measurable reduction static strength. This 
finding supported tests metal and other materials. Until actual fatigue 
failure starts, the strength material not impaired. 

All analyses this paper are based the fatigue strength for 10,000,000 
cycles, and the results presented are based tests wherein the minimum 
stress for each cycle was 10% the maximum for that cycle. Indications are 
that most civil engineering structures the number repetitions probable 
service much less than that. Committee Wood Bridges and Trestles 
the American Railway Engineering Association, which cooperates with the 
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staff the Central Research Laboratory the AAR, estimates that the string- 
ers short-span will have more than 2,000,000 repetitions 
stress during the normal life the structure. fewer cycles stress 
than 10,000,000, the fatigue strength would higher percentage the static 
strength. Because this, itappears reasonable assume that fatigue resist- 
ance oftimber adequate with present design 
Only the case more severe loading, such fully partially reversed 
loading, there doubt. 

The limited amount data available the phenomenon fatigue wood, 
and corresponding lack information the number and nature repeti- 
tions imposed service, suggest further 
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MINIMUM COST DESIGN LARGE SUPPORT RINGS 


Kenneth Buchert,! ASCE 


SYNOPSIS 


There suggested method design for large support rings. The method 
proposes that the outer flange plate the ring can eliminated various 
sections the ring without materially affecting the ring stresses. Significant 
savings the fabrication cost the ring can thus realized. 


INTRODUCTION 


Support rings the type shown Fig. have been used extensively re- 
cent years support the weight penstocks, tanks, large ducts, wind tunnels, 
and other 

Herman Schorer has presented2 method for the design supports for 
large pipelines. The method proposed was use constant-moment-of- 
inertia support ring welded the shell, which, turn, was supported the 
ends its horizontal diameter support the pipe. recent years, larger 
and larger lines have been designed and built, many using support rings. These 
rings often consist web member welded the shell and flange member 
welded the web. For relatively small pipes, sometimes the flange member 
has been eliminated and only web member used. For very large pipes 

ducts, double, triple, and sometimes quadruple webs and multiple flanges have 


Note.—Discussion open until October 1960. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. This paper part 
the copyrighted Journal the Structural Division, Proceedings the American So- 
ciety Civil Engineers, Vol. 86, No. May, 1960. 
Supervisor, Design Engrg., Consol. Western Steel Div., Steel Corp., 
Los Angeles, Calif. 


“Design Large Pipe Lines,” Herman Schorer, Transactions, ASCE, Vol. 98, 
1933, pp. 101-191. 
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FIG, 1.—CIRCULAR SUPPORT RING 
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MINIMUM COST DESIGN 


been used. Since the unit costs these support rings are relatively high and 
since the stress some parts the ring relatively low, appears that 
variable-moment-of-inertia ring which fabrication costs are considered 
might result ring that could produced minimum cost with given 
predetermined design factor safety. Before ring with variable moment 
inertia used, however, necessary for the designer evaluate the 
change stresses due the variable moment inertia. 


RING WITH CONSTANT MOMENT INERTIA 


Fig. 1(a) shows constant-moment-of-inertia support ring supported the 
ends the horizontal diameter. The support loads are applied the neutral 
axis the ring. The load applied the shear stresses the 
shell that are zero the ends the vertical diameter andare maximumat the 
ends the horizontal diameter. The statically indeterminate solutions for the 
bending moments, normal forces, and shears have been presented Schorer 
and others. Fig. gives moment, normal force and shear force the ring 
function 

some instances more economical support ring can built applying 
the support load some distance from the neutral axis the ring. This 
eccentricity introduces moment the supports and reduces the maximum 
moments the rings. some cases this reduces the stresses the ring. 
Fig. 1(b) made 0.04, the moment the horizontal diameter the ring 
equal the maximum moment other parts the ring. The moments, 
normal forces, and shears for externally applied moment given Fig. 
The moments, normal forces, and shears ring due vertical load 


RING WITH VARIABLE MOMENT INERTIA 


After study Figs. and apparent that the 
inertia ring not stressed its maximum allowable value several loca- 
tions. This would lead tothe conclusion that for minimum weight ring witha 
variable moment inertia could built that would result maximum 
tural efficiency for the ring. The problem then becomes: How can variable- 
moment-of-inertia ring designed that will more uniformly stressed and 
result minimum-cost design? approach the solution, for large- 
diameter rings where web and flange are used, attempt eliminate the 
flange plate the ring where the stresses are small. With proper choice 
location, depending size the ring, etc., the cost fabrication can re- 
duced using less material, decreasing shop fitup time, reducing the amount 
weld between the web and flange, and reducing eliminating butt welds 
the flange. this approach used, the question then arises: What the ef- 
fect the moments, normal forces, and shears ring this type used? 
The following derivation the forces and moments that will exist the 
above type ring. 


Fig. shows ring with the shear loads applied that are result the ver- 
tical loads applied the ring. Then, 
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3.—SUPPORT RING WITH APPLIED EXTERNAL MOMENT 
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FIG, 4.—SUPPORT RING WITH SUPPORT LOAD AP- 
PLIED ECCENTRIC NEUTRAL AXIS 
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FIG, RING WITH:APPLIED LOADS 


- 

= 

y 
; 
H 
W 
3 

— = 

= 
| 

I = I 
wil 

‘ 
‘ 


and 
and 


Since the force statically indeterminate, necessary apply one 
the principles indeterminate structures solve for One method that 
can used Cantigliano’s principle least action. the ring cut the 
horizontal diameter, the relative deflection the ring the cut zero, 
the partial derivative the internal work with respect must equal the 
relative deflection this point, hence must zero. Then, 
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0,a,b,c 


this particular solution constant from =atob, etc. 

variable-moment-of-inertia ring (Fig. 6), 
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COMPARISON FORCES AND MOMENTS 


With the basic equations derived previously, possible determine the 
effect the moments, normal forces, and shears varying the geometry 
the ring. After examining Fig. and arbitrary selection ring geome- 
try was made follows: 


The value for these values and and for ratios moments 


inertia the ring, with flange and without flange, and were calcu- 
lated. The results are follows: 


Ratio Moment Inertia Value 
0.07958 
0.07964 
0.07967 


Since the values are nearly alike, the values the moments, normal 
forces, and shears will be, for practical design purposes, the same for the 
ratios moments inertia given. 


PARTIALLY FILLED PIPE 


some cases support rings are designed relatively close together and the 
pipe carries fluid whose specific gravity significant. such cases 
sometimes necessary investigate the stresses ring under partially full 
conditions because the stresses for the partially full condition sometimes ex- 
ceed those for the full full and pressurized condition. The basic equations 
for this condition were summarized Schorer.2 should noted the 
equations that follow that the stresses ina ring under the half-full condition 
are considerably less when the eccentricity the supports zero than when 
eccentricity exists. Therefore, the designer must carefully evaluate whether 
not build eccentricity into the ring. Schorer gavethe following conserva- 
tive formulas for the half-full condition (the notation used has been changed 
conform that the writer): 
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forthe upper quadrants the ring where istheload assuming full pipe and 


for the lower quadrants. should pointed out that theforegoing results are 
conservative; the normal force the ring only one-half that for full 
pipe, and the direct stress due pressure zero. 


EXAMPLE 


The following will illustrate one method how variable-moment-of- 
inertia ring could result cost savings: 


Design Criteria 


Thickness Pipe 5/8 in. 
Load Support Ring 400 kips 
Design Pressure psig 
Service Air 


Allowable Stress Ring 12,650 


Allowable Length Shell 
Acting with Ring 


Consider ring similar indetail tothat shown Fig. witha in. in. 


web and in. in. flange and with the eccentricity the supports zero. 


The section properties the ring will 19.3 in.2, 7.33 
in., and 5.80 in. where and are the distances from the neutral axis 
the outside the ring and the inside the ring, respectively. Fig. 7(a) 
gives the stresses the outer and inner flanges the ring. Note that the 
stresses are high only two places the ring. 

Consider the possibility removing the in. flange plate the 
region 50, 500 559, etc., around the ring. The properties 
the ring where the flange removed are 14.3 in.2, 213 in.4, 9.31 
in., and 3.32 in. Since the stresses are relatively high the region 
area the details the support connection should reinforce this portion 
the ring. The resulting ring will not symmetrical about the horizontal axis 
and, therefore, not exactly the same the ring that was analyzed previous- 
ly. However, the same conclusions regarding the relatively constant value 
will apply this case. One method qualitatively justifying this conclu- 
sion that those portions the ring that contribute very little the total 
work done the internal stresses the ring can changed considerably 
without significant effect the value Using this reasoning, the value 
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previously determined. inspection, then, the change inthe amount 
ring flange removed will have negligible effect onthe moments and forces 
the ring. The stresses the resulting ring are shown Fig. 

estimate the two rings indicates order magnitude savings 10% 
the cost the ring. With further refinement the design, and depending 


loading conditions, felt that even greater savings fabrication costs 
could made. 


FUTURE WORK 


Although the analysis herein rather straightforward, the time involved 
obtain usable results may become lengthy. Fortunately, the problem can 
readily adapted for solution digital computer. The computer, addition 
the speed factor, will allow the designer wide latitude the selection 
moments inertia and thus allow further economies that probably would not 
attempted hand methods. The computer will also probably reduce the 
design costs. 

Many support rings are subjected loads addition those presented 
herein. Horizontal loads, concentrated loads, and unsymmetrical loads are 
examples. Here again field where the variable ring and the computer can 
combine forces save the client money. 


LUSIONS 


method has been presented which can used obtain more economical 
designs support rings for large pipe ducting. found that elimi- 
nating the flange large rings significant savings will result the cost 
fabricationof the ring, and the stresses inthe ring will within predetermined 
allowable values. judicious choice places wherethe flanges are elimi- 
nated, possible use the same design moments, normal forces, and 
shears the ring would used with constant moment inertia ring. 
appears possible the use digital computersto obtain still further econo- 


mies the design support rings and also analyze many conditions 
combinations loading. 
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NOTATION 


The following notation has been used this paper: 


cross-sectional area ring and effective portion shell; 


b,c 


angles between horizontal axis ring and point ring where 
moment inertia changes; 
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distance from neutral axis extreme fiber ring section; 


modulus elasticity ring material; 

eccentricity supporting force from neutral axis ring section; 

indeterminate shear force each end horizontaldiameter (Fig. 

5); 

bending moment ring section angle 

externally applied moment each end horizontal diameter; 

normal force ring due pressure; 

mean radius ring; 


mean radius shell; 


distance along circumference ring; 


internal strain energy ring under load; 
angle between horizontal diameter and point ring; and 


angular location section under analysis. 
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RATIONALE FOR DETERMINING DESIGN WIND VELOCITIES 


Davenport! 


SYNOPSIS 


This paper first justifies the use the “extreme wind velocity averaged 
over mileor minute” a“basic design wind velocity” abso- 
lute peak velocities which cannot considered independently the size the 
structure, and the dynamic response anemometer, structure, and struc- 
tural materials. 

attempt is, then, made show from published records that reasonably 
systematic relationships exist between the ground roughness (as characterized 
such general qualitative descriptions “city,” “treed countryside,” and 
“open both the magnitude the extreme near the 
its rate increase with height. This allows approximate estimates 
the ratio surface velocity gradient velocity made. these means, 
independent sets anemometer records taken locations differing surface 
roughness can compared. 

further introducing the extreme value theory method suggested 
whereby these sets records may numerically related taking into account 
the relative ground roughness, the number years record, the quality and 
consistency the records, and the height the anemometer. This process 
assists minimizing the systematic errors which are often introduced into 
individual anemometer records. 

Some published extreme-value data for the British Isles are analyzed ac- 
cording the described procedure and example given illustrating how 
design wind velocities can determined manner which takes into account 


Note.—Discussion open until October 1960. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. This paper part 
the copyrighted Journal the Structural Division, Proceedings the American So- 
ciety Civil Engineers, Vol. 86, No. May, 1960. 


University Bristol, England, formerly with the Div. Bldg. Research, Natl. Re- 
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the important influence surface roughness, the variability useful life 
different structures, and the risks involved the wind velocity exceeded. 


INTRODUCTION 


One the principal loads acting above-ground engineering structures 
that due the wind. Its accurate determination, therefore, fundamental 
importance deciding what degree safety and economy can achieved 
such structure. 

Formerly, was common practice design structures resist the high- 
est wind ever recorded the instruments then use. Although this did pro- 
vide sort yardstick from which design wind loads could estimated, 
was unreliable and subject the difficulty that most meteorological records 
will eventually broken. longer period record increased the chances 
recording very high wind velocity. Another problem was that instruments 
which responded rapidly wind speed tended indicate higher 
velocities than those which were more sluggish. other known instances, the 
highest wind had unfortunately blown away the instrument and the crucial in- 
formation was lost. 

All these difficulties tended throw the problem determining design wind 
velocities into the lap the statistician who, from the records several years, 
could estimate the probability given wind velocity recurring. Such are 
the vagaries climate that the structural engineer can never hope for infor- 
mation much more certain than this. 

Further problems emerge from other considerations. Because the velocity 
the wind continually fluctuating, recorded peak velocities will depend 
largely the sensitivity the anemometer. The pressures exerted ona 
structure will also fluctuate, leading dynamic amplification the actual 
stresses the structure. This dynamic amplification, well being de- 
pendent the intensity and power the fluctuations, will also depend the 
size and shape the structure (as they will determine the rate build-up 
gust pressures) and the response the structure and its constituent ma- 
terials dynamically applied loads. The dynamic amplification will vary, 
therefore, with the size and flexibility the structure. 

For these reasons, wind loads are perhaps best considered terms 
steady, applied force, independent the structure’s shape, size, and dynamic 
characteristics, together with coefficient denoting the amplification which 
can arise through the interaction the superimposed pressure fluctuations 
and the structure’s dynamic response. The resolving this coefficient, how- 
ever, which similar many respects the “earthquake problem,” not 
discussed herein. 

This paper confined the determination what will termed the basic 
design wind velocity, which corresponds the extreme sustained wind velocity 
giving rise the steady component the pressure. is, therefore, aver- 
age velocity and the determination suitable averaging interval forms part 
this discussion. 

attempt made, also, determine how records from wide variety 
anemc neters differing exposures and periods record may related 
one another, thereby minimizing the systematicerrors which may arise the 
records due anemometer siting and the improvement their overall re- 
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DESIGN WIND VELOCITIES 


liability. This requires that cognizance taken the important influence 
surface roughness both the magnitude the surface velocities and the 
increase velocity with height. Combining these results with the extreme- 
value theory leads exploratory method through which basic design wind 
velocities given probability occurrence may predicted for locations 
differing surface roughness. 


STRUCTURE NATURAL WIND 


The wind caused the atmospheric pressure differentials which rise 
over the surface the earth. The acceleration produced these pressure 
differentials accompanied other components acceleration known the 
geostrophic acceleration, due the curvature and rotation the earth, and 
the centripetal acceleration. The resultant these accelerations produces 
motion the free air, unaffected friction near the surface, which paral- 
lel the lines equal barometric pressure (known isobars). The velocity 
the free air known the gradient velocity. 

Under steady state conditions the gradient velocity can determined di- 
rectly the latitude, the radius curvature the isobars, and the pressure 
gradient (or spacing the isobars) are known (1).2 For zones cyclonic winds 
(associated with low pressure system and with storms and high winds) the 
gradient velocity given 


which the radius curvature isobars, denotes the rotational speed 
the the latitude, dp/dN pressure gradient, and 
the density the air. Eq. ideally tosimple nomographic solution, 
shown Humphreys (1), and the gradient velocity may estimated 
directly from isobar charts. Accurate estimates gradient velocity, how- 
ever, are difficult the grid meteorological stations 
ing surface pressures close. 

The velocity the gradient wind is, however, attainedonly heights around 
1,000 2,000 above the ground. Closer the ground, the wind retard- 
the frictional forces and obstructions the surface and the virtual 
then, longer parallel the isobars. Turbulence also causes rapid fluc- 
tuations the velocity wide range frequencies and amplitudes. The 
velocity the wind lower levels, therefore, usefully expressed terms 
its mean speed and the deviations from this velocity. 

The time distance interval over which the mean averaged depends 
the purpose for which the wind velocity used. 

Choice Suitable Averaging Interval.—In determining basic wind veloci- 
ties for the design structures certain fundamental considerations determine 
what averaging interval most appropriate. These may stated follows: 


The interval should coincide, far possible, with some natural peri- 
odicity the wind. 


Numerals parentheses, thus (1), refer corresponding items the Bibliography. 
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The interval should “long” compared both (a) the natural frequency 
the structure, and (b) the response time the this way there 
will dynamic interaction between the structure and fluctuations the 
mean wind; measured wind velocities will independent the instruments 
response. 

The interval should short enough record the severe 
storms. 

The interval should correspond body air sufficient size en- 
velop completely structure and its vortex regions. 


The “mile wind” the “minute wind” both represent suitable, not 
optimum, intervals for measuring high-wind velocities for purposes struc- 
tural design. Both these intervals satisfy the foregoing conditions for reasons 
now discussed: 


means auto-correlation coefficients, Durst (2) found that storm 
winds major group eddies, thermal origin, had wavelength about 
4,000 6,000 ft, corresponding closely the mile interval the minute 
interval winds mph. 

The natural period most structures the order 0.1 sec 
sec (3), with that for the Empire State Building 8.14 sec (4). With the 
damping present most structures, fluctuations corresponding one mile 
extreme winds would have infinitesimal dynamic action. 

Sherlock and Stout (5), referring the response time 
commercial anemometers, wrote 1937, “that because the inertia mov- 
ing parts the instruments the records could only accepted accurate 
they were averaged over seconds more.” Thus, even 150 mph, the 
mile wind (or the minute wind) satisfies the second requirement. 

The mile wind also represents body air far larger than most 
structures, that static pressures least equivalent this average speed 
can anticipated. 

The mile wind will sufficiently short duration torecord the peak 
sudden severe local thunderstorm squall. 


These arguments, justifying the use the extreme mile minute wind 
basic design velocities, are endorsed further that the mile wind has 
been recommended for use the United States (where records are available 
for many the basis for design wind velocities and the minute wind 
the British Isles.3 


Increase Velocity with Height: Influence Surface Roughness and Sta- 
bility.—One the most important factors considered the increase 
this mean wind velocity with height; corollary this the retarding effect 
the surface friction the wind velocity nearer the surface. 


Since writing this, the existence gap the energy spectrum wind speed, cen- 
tered frequency about cycle per hr, appears have been established Van 
der Hoven (Journal Meteorology, Vol. 14, 1957, pp. 160-164). This, together with the 
results from recent study the University Bristol, over 100 spectra strong 
winds now suggests that reliable predictions the turbulence higher frequencies 
(necessary predicting maximum wind loads) canbe made from the average wind speed 
taken over longer period, such one hour. many countries climatological records 
mean hourly wind velocities are more readily available. The discussion that follows 


applied equally these mean hourly wind-speeds well those averaged over 
rather shorter period. 
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Various empirical, semi-empirical, and theoretical formulas have been de- 
rived represent the variation windvelocity with height. Three the more 
familiar forms are the spiral, logarithmic, and exponential profiles. For 
structural purposes, the exponential power law profile has been used most 
widely because its simplicity. can stated 


where the velocity height above ground, and and are constants. 

suitable choice exponent, Eq. can made closely over 
considerable range the other forms profile which are less empirical. 
The power law applicable only the layer extending from the ground 
the height which the gradient velocity first attained (usually the range 
1,000 2,000 ft). Above this height, the wind velocity may regarded 
constant. 

Brunt (6) has noted that “If the wind with height represent- 
roughness stability” being the height above ground). Here Brunt refers 
specifically range heights above approximately (33 ft), the height 
being interest structural engineers. 

attempt now made evaluate these influences stability and surface 
roughness first, the rate increase mean velocity with height; and second, 
the magnitude the mean surface velocity. Both these values are prime 
importance estimating basic design wind velocities for structures. 

Stability.—The stability storm measured the lapse rate rate 
temperature variation with height. storm winds long duration, which 
turbulence causes thorough mixing, the lapse rate near the ground invari- 
ably close tothe adiabatic which corresponds natural stability (7,8). 
Rudolf Geiger (9) has stated that this condition generally attained veloci- 
ties greater than per sec (13 mph). Observations hurricanes Edna (1954) 
and Ione (1955) off the New England coast, reported Edwin Kessler (10), 
apparently confirm the general assertion that the stability mature and large- 
scale storms, whether the tropical extra-tropical variety, close 
being neutral. 

Exceptions may found, however, severe local storms suchas thunder- 
storms and frontal squalls (and perhaps larger storms such hurricanes 
their early incipient stages, before full maturity reached) which are nota- 
bly unstable, where air near the ground warmer than that aloft. acon- 
sequence this instability, extreme thermal interchange takes place between 
the air near the surface and the faster moving upper air which unretarded 
friction near the surface. Under circumstances extreme instability, the 
value the exponent may attain the limiting value zero, corresponding 
zero increase velocity with height. Agra, Barkat Ali (11) measured 
exponent 0.02 (1/50)in very unstable conditions and O.G. Sutton (7) sug- 
gests value 1/100. 

From these remarks the following general inferences may drawn with 
regard the effects stability the profile: 


Severe local storms, such thunderstorms frontal squalls, are ex- 
tremely unstable and sothe with height very small; 
the frictional characteristics the ground surface may have almost negligible 
effects the velocity profile. 
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Large-scale mature storms either tropical extra-tropical descrip- 
tion exhibit nearly neutral stability with marked tendency for violent 
mal dominating influence the velocity profile storms 
not the stability but the surface roughness. 


Surface Roughness.—The important question now arises how great 
effect surface roughness has the profile mature 
storms which are probably the most important. comparison with the vast 
amount written engineering papers this general subject, scant attention 
has been given this particular question. appears paramount im- 
portance the accurate evaluation wind velocities. 

should first emphasized that what referred the term “surface 
roughness” neither the shielding due individual obstacles nor the oro- 
graphic effects influencing the airflow mountain regions, but the cumulative 
statistical drag effect many obstructions the wind. The surface rough- 
ness, therefore, characterized the density, size, and height the build- 
ings, trees, vegetation, rocks, etc., the ground, around, and over which the 
city. 

For years the measurement wind-velocity profiles has been interest 
the fields meteorology, aviation, agriculture, and wind power well 
civil engineering. Information has now accumulated from which possi- 
ble evaluate the influence the surface roughness the pro- 

file. 
results number observers are shown comparative basis and the 
corresponding power law profiles plotted Fig. The records from which 
these exponents and equivalent power-law curves are derived are given the 
Appendix. Where the results were not explicitly stated power law, was 
found that, each case, power law could closely fitted tothe records with 
only small deviations. should noted that the records refer specifically 
mean velocity profiles prevailing above height strong winds, over 
flat ground surface lapse rates which, not explicitly stated, from the na- 
ture the storms studied presumably could not have differed greatly from the 
adiabatic. The records, therefore, are homogeneous except that the nature 


the ground roughness and the aggregate nature obstructions vary widely, 

from the smooth surface the sea the rough obstructed surface large 
city. 

The exponent the power law increase seen vary between 1/10.5 and 


depending only the surface roughness characteristics. seen that 
Curves have exponents lying between 1/10.5and 1/5.9 and, each case, 
the surrounding terrain was characteristically flat and open. The average for 
the observations taken land lies close 1/7 which familiar exponent 
found the boundaries pipes and wind tunnels which mechanical turbu- 
lence predominates and the fluid neutrally stable. The exponents Curves 
lie between 1/5 and 1/2.8 and average 1/3.5. For these curves the 
terrain corresponded the rougher characteristics treedand wooded 
land, towns, scrub trees, etc. Curves 17, and are derived from records 
obtained large cities (Copenhagen, Paris and New York) which probably 
represent conditions extreme surface roughness; the corresponding exponents 
are 1/2.1 For all the curves (except and which are probably 
not typical level country) the value the exponent seen increase 
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TABLE SURFACE ROUGHNESS VALUES THE EXPONENT 
THE POWER-LAW VARIATION MEAN WIND VELOCITY WITH HEIGHT UNDER 
CONDITIONS STRONG WIND ADIABATIC LAPSE RATE BETWEEN 


Upper Limit 

of Investi- Description of Terrain 
gation, in Site Locality Remarks 
in feet 


Goptarev Caspian Sea (off Coastal waters of inland 
Apsheron Penin.,) sea 


Juul Masnedsund, Flat shore on “Ocean of 
Denmark Small Islands” 


Scrase Salisbury Plain, Open grassland without 
England hedgerows or trees 


Wing Ballybunion, Flat treeless grassland, 
Ireland Atlantic Ocean 1/2 mile 
distant 


Sherlock Ann Arbor, Open slightly rolling 
Michigan, U.S.A. farm land 


Taylor Salisbury Plain, Open grassland without 
England hedgerows or trees 


Giblett Cardington, Beds., Open level agricultural 
England land with only isolated 
trees 


Cardington, Beds., Same as above 
England 


Cardington, Beds., Same as above 
England 


Sale, Victoria, Gently rolling grazing 
Australia land with few trees 


Leafield, Oxford- Open fields divided by 
shire, England low stone walls and 
hedges 


Japan Rough coast 


Observations not 
Orkney Islands Flat topped grass hill, typi- 
1/3 mile inland from 

high cliff overlooking 

the sea 


Huss and Akron, Ohio, f Gently rolling country 
Portman U.S.A. with many bushes and 
small trees 


Francken- Quickborn, Relatively level meadow 
berger and | Germany land but with numerous 
Rudloff hedges and trees around 
the small fields 


Smith Upton, Long Island, 
N.Y., U.S.A. 


Panofsky Upton, Long Island, Level country uniform- 
N.Y., U.S.A. ly covered with scrub Hurricanes Carol 


oak and pine to a height and Edna 1954: 
U.S, Weather| Upton, Long Island, of 30 ft (fastest 1 min. 


Bureau N.Y., U.S.A. mean speed) 


U.S, Weather| Upton, Long Island, 
Bureau N.Y., U.S.A. 


@ 


(fastest 6 min. 
mean speed) 
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Kamei Japan Three Japanese towns 
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manner which remarkably consistent with the increase the roughness 
the terrain and the number obstructions. 


Effect should noted that velocity can expected have 
slight secondary effect the profile that the value the surface friction 
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FIG, 2.—OBSERVATIONS HURRICANES AND (1954) 
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increases slightly with windvelocity. result, the rate increase mean 
wind velocity with height increases slightly with velocity. This familiar 
wind-tunnel work. 

Numerical evidence the indirect influence the velocity the velocity- 
height relationship furnished Collins’ investigations nine 
storms (30), mainly Brookhaven Laboratory, Long Island. found (Fig. 2), 
examining the 5-min mean velocities different elevations 410 ft, that 
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the exponent the power -law profile increased approximately 0.02 for every 
10-mph increase surface wind mph the value being 0.27 (that 
is, 1/3.7) and the extrapolated value mph being 0.33 (1/3.0). These pro- 
files, according Collins, fitted the experimental records extremely well with 
the value the standard deviation equalling 1.26 mph. These results, how- 
ever, indicate that the effect wind velocity (over the range maxima en- 
countered) not nearly great due tothe differences surface rough- 
ness. 

Bearing mind the the wind velocity the rate increase 
wind velocity with height, now possible suggest the following approxi- 
mate values for power law exponents corresponding more less qualitative 
descriptions the surface roughness aggregate nature the surface ob- 
structions: 


Power-Law 
Description the Terrain Exponent 


For open country, flat coastal 


small islands situated large bodies 1/7 
water, prairie grassland, tundra, etc. 

For wooded countryside, parkland, 
towns, outskirts large cities 1/3.5 
coastal belts 

For centers large cities 1/2.5 


These values refer the mean wind velocity over level ground, large- 
scale severe storms (which exhibit nearly neutral stability) and heights be- 
tween about and which the gradient velocity first attained. 
there are which the highest probable velocities occur during severe 
local storms suchas thunderstorms and frontal squalls (which seems improba- 
ble), increase velocity with height would seem appropriate. 

reliable long-term anemometer records were all 
areas exhibiting differing characteristics surface roughness and incidence 
severe storms, the discussion could perhaps left this point; basic 
wind velocity could determined for each geographical location based 
statistical analysis wind records over period yr, and then 
applied wind-velocity profile appropriate the surface roughness the 
vicinity. Unfortunately, there are serious obstacles this approach (certain- 
ly, asparsely populated country such Canada) since meteorological records 
are not always satisfactory enough for the following reasons: 

Only small number stations Canada will have records extending back 
sufficient number years. some locations the anemometer will have 
been moved several times during the period record, affecting the exposure 
and the homogeneity the records. Severe storms may have blown the ane- 
mometer away renderedit inoperative, thus losing crucial information. The 


anemometer may also give readings which are not representative level coun- 


try due the siting the anemometer near building. Hugh Dryden 
and George Hill, for example, suggest that the 
top the Empire State Building, situated more than 200 above the roof, 
reads 23% higher than the approaching flow, due the presence the build- 
ing (31). If, airports, anemometers were raised high enough free from 
the influence the buildings they would present hazard aircraft. win- 
ter, the periodof worst storms, Dines anemometers sometimes clog 
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ing snow. Ice accretions sometimes form cup anemometers. Anemometer 
readings taken mountains, valleys, and coastal cliffs are subject 
orographic effects sometimes resulting noticeably higher velocities. 

Allof these considerations add emphasis Sherlock’s (32) recommendation, 
shared many others, that design velocities should based “on statisti- 
cal analysis wind records over period years.” Also the re- 
sults obtained from the records one station should related those from 
other neighboring stations suitable statistical method. Only this way 
and systematic errors arising the records sta- 
tion minimized. 

The next step, therefore, explore method whereby the ac- 
cumulated records all meteorological wind records might correlated. 
Since not desirable restrict the admissible records those obtained 
from anemometers situated “open level country” (this, certain regions 
Canada, for example, would decimate the available records), first neces- 
sary investigate more fully the effects surface roughness the veloci- 
ties measured near the surface over level ground. 

has already been noted that there some height which the influence 
the ground friction transmitted upwards through eddy viscosity, has negligi- 
ble effect the velocity the wind responds the pressure gradient. 
the velocity this height denoted (the gradient velocity), and the 
height which this velocity first attained then reference the 
power-law increase velocity with height 


order determine the ratio the velocity height above the ground 
the gradient velocity, first necessary todetermine values corre- 
sponding the various surface roughness categories already discussed. 
attempt now made the basis the pertinent experimental records 
that are available. 

Examination Sherlock’s (16) investigations Ann Arbor, Mich., indicates 
that for these conditions flat open country, the value (the height 
which the gradient velocity first attained) the order This 
value agrees reasonably well with that obtained Taylor, Salisbury Plain, 
(discussed Pagon (17)) for similar terrain which average values 
for strong winds were 1,250 insummer and 885 winter. approxi- 
mate value 900 ft, therefore, chosen for the value flat open coun- 
try. 

large cities, Pagon (17), citing Taylor’s studies the Eiffel Tower 
Paris, suggests value for strong winds large city 2,020 
summer and 1,420 winter. approximate average value 1,700 
adopted for the present. The value 1,300 chosen for the intermediate 
conditions rough wooded country. These values 900 ft, 1,300 ft, and 
1,700 (together with the appropriate exponents), corresponding the three 
types roughness conditions, give the three curves Fig. 

not suggested this stage that these curves are highly accurate. In- 
deed, the qualitative aspects the problem not permit great accuracy. 
should noted that these curves the values are founded rela- 
tively greater amount information than are the values the errors in- 


volved the latter, however, (which may differ 200 ft) are less conse- 
quence. 
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Some confirmationof the rough accuracy these curves afforded the 
the surface velocities over terrain different surface rough- 
nesses. their study the climate Central Canada, Kendrew and 
Currie (33) observe that “the mean (annual wind speed the prairies 
between and The speedis appreciably parklands with means 
9-12 mph and, again, less forests 5-9 mph; the increased friction among 
the trees the main cause.” These reductions wind velocity, compared 
the archetypal flat open country the prairies, are entirely compatible with 
those suggested Fig. 

comparison mean wind speed nine Canadian cities (34) and air- 
ports their outskirts indicates that the speed the city 65% that near 
the outskirts (the value suggested Fig. 59%). Elevation, shielding, and 
siting the anemometers and periods observation vary every case, but 
the trend obvious. study hurricane winds Lake Okeechobee, Florida, 
the U.S. Corps Engineers (35), indicated that the windoff the land 
glades, covered with scrub cypress, etc.) averaged 60% the wind over water 
when the latter was mph, and 74% when the latter was mph. 

Ferrington (36), discussing the wind velocities found Great Britain 
(in general terms, terrain characterized treed, rolling country and stragg- 
ling urban areas), has made the following interesting note: 


“On one occasion when the whole the British Isles was covered with 
parallel isobars running nearly west east, all stations the western 
side gave the wind force (42 mph) while those the eastern side 
sequence the “friction” the land. the velocity the exposed 
western stations taken two-thirds the velocity the wind free from 
friction, get the following interesting result which probably correct 
enough for practical use;one-third the velocity lost fric- 
tion the western side, and one-third more the land friction the 
country between west and east.” 


series measurements made Valentia, Ireland, H.G. Dines (37) 
found that for this locality (flat open lowlands verging the sea) the ratio 
the surface wind the gradient wind for occasions which the surface 
wind exceeded per sec, (34 mph) was 0.58. Wing (15) similar 
locality found identical value for all directions taken together. 

Carruthers (38), quoting unpublished note Brooks, gives 
the following values for the ratio the wind velocity (33 ft) above 
ground the gradient wind W/G: 


Exposure 
Open sea 
Low islands 
Windward coasts and neighboring lowland 
Leeward coasts, neighboring lowland and sea 
Open land, unsheltered 
Sheltered land and townsites 


All these values are again remarkably close values suggested Fig. 
ing design velocities appropriate different geographical regions. The pre- 
diction probabilities and return periods extreme wind velocities has been 
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suggested many times. 1932, Wing (39) used the normal distribution 
curve obtain the distribution curves for extreme wind velocities several 
large American cities. More recently, Arne Johnson (40) has remarked 
that this type distribution “gives significant deviation from observed 
values.” Since the date Wing’s correspondence, the extreme-value distri- 
bution (due largely Gumbel (41)) has been developed. Johnson, who 
analyzed the anemometer records for both extreme indicated gusts and hour- 
mileages thirteen stations Sweden and six the British Isles, states 
that “the results obtained not contradict the assumption that the distribution 
extreme values type No. close agreement with the distribution 
the actual wind velocities,” (p. 119 (40)). Arnold Court (42) analyzed the rec- 
ords twenty five weather stations the United States, having satis- 
factory records, according the same theory and states “all the wind data 
seems follow the theory.” 
This distribution function takes the form (41) 


The reduced variate 


where the scale factor and the mode the extreme value data. 
Suppose that allanemometer records are analyzed obtainthe parameters 
and (in terms which the return periodof extreme surface velocities can 
completely determined according the extreme value theory). Then, 
estimate the distribution extreme gradient velocities this location 


given the parameters 1/k, and where “roughness coefficient” 
defined 


being the height the anemometer and and being given approxi- 
mately Fig. 

The object now totry correlate these estimates the gradient veloci- 
ties order reduce the systematic errors which may have occurred the 
anemometer records, improve the estimate extreme-wind velocities oc- 
curring stations with shorter periods records, and minimize the sub- 
jective elements involved the determination design-wind velocities. 

Suppose that anemometer latitude and longitude possesses 
records extending back period which, extreme-value analysis, 
yields the scale factor and mode and Suppose that the best 
estimate the “roughness factor” kp, then the corresponding values scale 
factor and modal value referring the gradient velocity this point are 

now assumed that these parameters follow some mth degree contour 


surface (where less than the total number records being analyzed) 
the forms 
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The values the coefficients Ajj and Bjj are now obtained fitting the ob- 
served values these surfaces the method least squares. This problem 
one well suited electronic computation. fitting the values, would 
appropriate weight them first, the factor which puts more reliance 
the records longer period and, second, factor determined un- 
avoidably, subjective evaluation the quality the records, with regard 
the siting the anemometer, the number times has been moved, and 
the possible amplification effects mountains, valleys, etc. For example, 
first-class weather station, where the anemometer situated level ground 
away from shielding and has not been moved, might given weighting 
(out possible 10), whereas anemometer situated close the roof 
only The least-squares process minimizes the errors and due 
the many causes cited, the assumption that the weighted errors are nor- 
mally distributed. 

This process leads directly the contours and for the territory 
last periodof riskof that the basic design wind velocity 
will exceeded within this time, the return period this wind velocity 
given 


This represents probability 1/R. extreme value theory, the value 
the required gradient velocity 


where and are determined from the contours. 

The values the velocity nearer the surface this gradient 
velocity are determined from Fig. according the appropriate roughness 
conditions. 

cation factor should used. Examples these are given Pagon (17) and 
Putnam (43). The only way determine this will often actual ob- 
servation wind velocities the site for short period and then comparing 
their value with those nearby anemometer level terrain. 

this way, becomes possible relate the “basic design wind velocity” 
for each structure the roughness characteristics the ground surrounding 
it, the anticipated span the structures useful life, and the risks consequent 
the design wind velocity being exceeded. Any system which does not take 
into account the wide variation those factors which are encountered 
obviously does not permit either full measure safety economy ef- 
fected. 

Extreme Wind Speeds Over the British Isles.—To study their practicality, 
the method and procedures described were applied some extreme value data 
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obtained Shellard (Table 3). the forty eight stations whose anemo- 
graph records have been analyzed Shellard, only those described 
Gazetteer British Meteorological Stations,” (H.M.S.O., London, 1931), are 
referred here since the essential site descriptions the other stations are 
not available form and, any case, consist largely those stations 
with only short periods record. 

Values and 1/a were calculated from Shellard’s the ‘once 
ten years’ and ‘once hundred years’ extreme wind speeds and these are 


TABLE 2,—TYPES TERRAIN GROUPED ACCORDING THEIR 
AERODYNAMIC ROUGHNESS 


Description 


Very smooth surfaces: e.g. large expanses open 
water; low unsheltered islands; tidal flats; low- 
lands verging the sea 


Level surfaces with only low, surface obstruc- 
tions: e.g. prairie grassland; desert; arctic tundra 


Level, slightly rolling surfaces, with slightly 
larger surface obstructions: e.g. farmland with 
very scattered trees and buildings, without hedge- 
rows other barriers; wasteland with low brush 
surface vegetation; moorland 


1,000 


Gently rolling, level country with low obstruc- 
tions and barriers: e.g. open fields with walls and 


1,100 
hedges scattered trees and buildings 


Rolling level surface broken more numerous 
obstructions various sizes: e.g. farmland, with 
small fields and dense hedges barriers; scat- 
tered windbreaks trees, scattered two-story 
buildings 


Rolling level surface, uniformly covered with 
numerous large obstructions: e.g. forest, scrub 
trees, parkland 


1,200 


1,350 


Very broken surface with large obstructions: e.g. 
towns; suburbs; outskirts large cities; farm- 
land with numerous woods and copses and large 
windbreaks tall trees 


1,500 


Surface broken extremely large obstructions: 


center large city 1,800 


recordedin Table These values were alsochecked against Shellard’s origi- 
nal computation sheets, with his kind permission. 

The roughness category each station was assessed comparing the 
photographs and descriptions the anemometer stations given the “Gazet- 
teer” (op. cit.) with the descriptions given Table (These roughness cate- 
gories for each station are given Table 3). Knowing the roughness category 
and the height the anemometer the roughness factor was found 
from Fig. 4,and recorded Table The anemometer height givenin Table 
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FIG, 4.—ROUGHNESS FACTORS FOR DETERMINING THE RATIO 
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either the so-called ‘effective height’ the anemometer the actual height 
the “Gazetteer some cases, owing poor exposure, neither height 
entirely satisfactory. 

From the same descriptions given the Gazetteer, Q-factor was deter- 
mined for the anemometer site, based upon assessment the absence (or 
presence) (a) possible orographic influences, (b) buildings and other local 
shielding and amplifying influences, and (c) the uniformity the roughness for 
different wind fetches (particularly generally westerly direction, the di- 
rection prevailing winds). Unfortunately, was not possible assess an- 
other important influence the records, namely, the number times the an- 
ometer had been moved during the period record. 

These values possible total fifteen) were multiplied 
the square root the number years record (WN), and ‘weight’ pro- 
portional this product (in round numbers) recorded Table this 
basis, stations with higher weights were judged more reliable than those 
with relatively lower weights. was found that estimates and 1/a devi- 
ating substantially from the average can always associated with unsatis- 
factory anemometer exposures (such cliff hill-top sites), partially shield- 
sites, stations with only short period records; consequently, weights are 
low. The large proportion coastal and urban sites indicates that, many 
cases, the exposure leaves much desired. 

order not bias the results, assessments the roughness category and 
Q-factor were made, far possible, without reference the already de- 
termined values 1/a and more detailed analysis, reference mean 
annual wind speeds and direction rosettes would, perhaps, assist assessing 
roughness categories and revealing any anomalous directional properties 
the surface winds. 

The estimated values 1/a and for the gradient wind, obtained from the 
roughiiess factor and the surface values these parameters are recorded 
Table and are summarized graphically Fig. 

Also shown Fig. are contours and 1/a;these are drawn eye and 
are based the assumption that the average properties the gradient wind 
fieldare not subject wide variation over area the size the British Isles. 

The map shown Fig. might form the basis for determining design wind 
velocities. 

Illustrative for example, desired erect structure 


during this period, then the required return period for this design wind speed 
100 yr. The ‘design gradient wind velocity’ then given 


117 mph 


This, fact, gives the extreme mean hourly velocity for the gradient wind. 
Recent unpublished information indicates that the mean minute wind velocity 
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FIG, 5.—PARAMETERS EXTREME MEAN HOURLY GRADIENT 
WIND SPEED OVER THE BRITISH ISLES 
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(advocated this report) the average 25% greater than this and the 
extreme ‘mean minute’ speed 117 1.25 146 mph. 
If, now, the structure erected town, for which (from Table 


1,500 and 1/3, the design wind velocity height (ft) given 


For open country without obstructions the expression would 


and 106 mph. 


Finally, the structure erected the center large city, the 
design wind velocity would given 


The further difficult and largely unresolved problems assessing the 
marked influence the wind velocity profile the pressure distribution, and 
determining what dynamic amplification may arise due the unsteady flow 
gusts, lie outside the province this paper which has attempted merely 
discuss the derivationof basic design mean velocity which, felt, these 
other factors can then related. 
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APPENDIX II.—RECORDS WIND VELOCITY PROFILES 
GOPTAREV’S OBSERVATIONS 
Location: Caspian Sea off Apsheron Peninsula 
Terrain: Coastal waters inland sea 
Reference: 
These observations taken the site offshore oil wells include many mea- 
surements very strong winds. The average values for twenty seven occa- 
sions when the mean wind velocity (for min) 5.7 (19 ft) above the sea 
exceeded per sec (approximately mph) were follows: 
Height Velocity 
meters feet per sec mph 
5.7 16.80 37.8 
19.30 43.3 
27.3 20.07 45.2 
50.6 168 20.57 46.5 
JUUL’S OBSERVATIONS 
Location: Denmark 
Terrain: Flat level coast “ocean small islands” (off sea wind) 
Reference: 
Height Velocity 
meters feet per sec mph 


Numbers refer those given Fig. and Table 
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DESIGN WIND VELOCITIES 
SCRASE’S OBSERVATIONS 


Location: Salisbury Plain 
Terrain: Open grass-covered plain 
Reference: 


Reported profile adiabatic conditions given power law with exponent 
0.13 (1/7.7). Wind measurements were made between heights and 


WING’S OBSERVATIONS 


Location: Ireland 
Terrain: Low level plain. Atlantic Ocean beyond low level sand 
dunes. 


Reference: 


Height Velocity 


meters feet per sec mph 


4.5 10.7 
300 14.3 
149 492 15.6 


(These records refer curve ‘1’ Fig. Wing’s paper “which curve 
which most the high winds there very nearly approach,” (p. (15)). 


SHERLOCK’S OBSERVATIONS 


Location: Arbor, Mich. 
Terrain: Open farmland 
Reference: 


Fastest min mean velocities 


Height Velocity 


meters 


feet per sec mph 


19.9 
20.1 


100 20.3 45.5* 
125 21.0 
150 21.2 47.5 
175 21.7 48.5 
200 21.7 48.5 


250 24.1 


6,18 


These records were Pagon’s paper (17) Taylor’s records 
are summarized terms the following Ekman spiral parameters. 


TAYLOR’S OBSERVATIONS 


These values may slightly higher than would otherwise obtained because 
measurements were made near the brow slight rise. 
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Cities Open Country 
45° 20° 
(ft) summer 2020 1250 
winter 1420 885 


where between directions surface and gradient winds 
height which gradient velocity first attained. 


Taylor’s experiments were Salisbury the Eiffel Tower. 
The Ekman spirals specified the above parameters correspond closely 


with power laws with exponents 1/7 (for “cities” and “open country” 


respectively). 


Ta. GIBLETT’S OBSERVATIONS 


Location: Cardington, England 
Terrain: Large flat open airfield 
Reference: 


The ratio wind velocities recorded anemometer 150 those 
under neutrally stable conditions and wind velocities excess 
mph, was found 1.14 which corresponds power law increase with 
exponent 1/7.8. 

Frost (18) has drawn attention possible differences exposure 
the two anemometers usedin this investigation which may account for the slight 
discrepancy between Giblett’s results and Frost’s. 


FROST’S OBSERVATIONS 


Location: Cardington, England 
Terrain: Flat open airfield 


These were obtained from Sutton (19) (see also 18) who states: 


using instruments suspended from captive balloon over the airfield 
Cardington, Southern England. His results indicate that these layers 
the profile can represented power laws all conditions tem- 
perature gradient. From further examination extended profiles from 


1,000 ft, Frost concludes that the value (the power law exponent) 


conditions adiabatic lapse rate .149 (1/6.7) which very close 
the value 1/7 (.142) occurring the generally accepted power-law 
profile for the turbulent boundary layer flat plate wind tunnel.” 


the experiments between the heights and 400 (18), the average wind 
velocities from fifty seven separate observations for which the lapse rate was 
approximately adiabatic were follows: 
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DESIGN WIND VELOCITIES 


Height Velocity 
meters feet per sec mph 
3.57 7.98 
5.02 11.26 
6.04 13.51 
150 6.60 14.79 
107 350 7.70 17.23 


(Corresponding exponent 0.17 


DEACON’S OBSERVATIONS 


Location: Sale, Victoria, Australia 
Terrain: Gently rolling grazing land with very few trees 
Reference: 


Thirty-one successful observations were made wind velocities greater 
than mph and averaging 27.6 mph and the ratio the velocities 
different heights found average the following values: 


Height 
meters feet 
210 1.272 
153 503 1.540 
HEYWOOD’S OBSERVATIONS 


Location: Oxfordshire 
Terrain: Open fields divided low stone walls and hedges 
Reference: (and 20) 


Deacon (20) states “In Heywood’s Table there are observations with 
approximately adiabatic lapse rate and wind (312 ft)greater than 
8.5 m/sec (279 ft/sec) and these give mean ratio 1.40.” 


10, 15. KAMEI’S OBSERVATIONS 


These were obtained from the study wind velocity profiles three Japa- 
nese towns and, also, along the coast and represent summarized results (22). 
The power law exponents suggested these studies were 


1/3 towns and 
1/5 the coast. 


11. WAX’S OBSERVATIONS 


Location: Costa Hill, Orkney Islands 

Terrain: Rough coast, flat-topped hill, 1/3 mile inland from high cliff 
overlooking sea 

Reference: 
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Height Velocity 
meters feet per sec mph 
(100-sec mean) 
17.7 19.5 43.7 
26.8 20.9 46.8* 
36.0 118 22.6 50.7 
12. HUSS AND PORTMAN’S OBSERVATIONS 


Location: Akron, Ohio, 


Terrain: Gently rolling country with many bushes and small trees 
Reference: (and 20) 


Deacon (20) states that “These authors evaluated least squares from 
min mean velocities heights between and 107 (39 and 350 ft). 
The values for wind speeds greater than per sec (29.5 fps) 


(164 ft) give mean .219 with standard the individual values 
0.042.” 


13. FRANCKENBERGER AND RUDLOFF’S OBSERVATIONS 


Location: (near Hamburg), Germany 

Terrain: Level meadowland with numerous hedges and trees around the 
small fields 

Reference: (and 20) 


Deacon (20) states that the mean twenty one observations mean wind 
speeds (230 ft) greater than per sec (49.2 fps) gives the following 


Height 
meters feet 
1.285 
230 1.508 
14a. SMITH’S OBSERVATIONS 


Location: Brookhaven, Upton, Long Island, 


Terrain: Level country uniformly covered with scrub oak and pine 
Reference: 


Reported average exponent for thirteen winter storms was 0.25. 


14b. PANOFSKY’S OBSERVATIONS 
Location: Brookhaven, Upton, Long Island, 
Terrain: Level country uniformly covered with scrub oak and pine 


Reference: (and 20) 


Deacon (20) gives the following velocity ratios for conditions wind 
(298 ft) greater than per sec (29.5 fps). 


Average two simultaneous readings 46.1 and 47.5 mph. 


He. 
‘ss 
Pa 
e 
—— 
J 
f 
4 
: 
+ 
| 
3 
| 


DESIGN WIND VELOCITIES 


Height 
meters feet 
147 
298 
125 410 


Location: Brookhaven, Upton, Long Island, 
Terrain: Level country uniformly covered with scrub oak and pine 


Reference: 


Records taken during hurricanes Edna and Carol (1954) are shown Fig. 


16. DINES’ OBSERVATIONS 


Location: Royal Aircraft Establishment, Farnborough, England 
Terrain: Treed and wooded farmland and fields 


Reference: 


Height 
meters feet 
165 
100 330 
150 495 
200 660 
250 825 
300 990 
400 1320 
500 1650 
JENSEN’S OBSERVATIONS 


Location: Copenhagen, Denmark 
Terrain: Center large city 


Reference: 


Jensen’s Fig. the following observations are recorded. 


Height 
meters feet 
111 
164 
242 


Velocity* 


1.02 
1.47 
1.81 
1.91 


mph 


16.2 
20.0 
23.4 
25.6 
27.4 
29.0 
32.6 
35.1 


Velocity 100 


Measured balloons and theodolites: average experiments which veloci- 


ties per sec. 
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19. RATHBUN’S OBSERVATIONS 


Location: Center New York City 
Terrain: Heavily built city 
Reference: 


Velocities for the stormof March 22, 1936 (the most severe recorded) were 
follows: 


Height Velocity 
meters feet per sec mph 
City Met. Obs. 18.9 12.5 
Weather Bureau 138 454 25.9 
Empire State Building 385 1263 40.2 
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BAR-CHAIN METHOD FOR ANALYZING TRUSS FORMATION 


M.ASCE and P.C. Patel2 


SYNOPSIS 


attemptis made extend the application the bar-chain method the 
analysis statically determinate trusses. The relationships 
between the angles and the unit strains the members tothe ac- 
tual rotations the members,and the equivalent end rotations are established. 
The application the method illustrated means numerical examples. 


INTRODUCTION 


When continuous frame subjected the action applied loads 
change temperature, its elastic line consists smooth curves. ar- 
ticulated structure, however, the members the deformed state remain 
straight and the elastic line composed series straight lines which 
change slope only the joints. This series straight lines may likened 
bar chain from which the method gets its name. 

The bar-chain method for analyzing truss deformation was first suggested 
The procedure for calculating the vertical component 
the joint deflection simple trusses was discussed many textbooks 


Note.—Discussion open until October 1960. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. This paper part 
the copyrighted Journal the Structural Division, Proceedings the American So- 
ciety Civil Engineers, Vol. 86, No. May 1960. 

Assoc. Civ. Engrg., Northwestern Univ., Evanston, 

Graduate Student, Civ. Engrg. Dept., Northwestern Univ., Evanston, 

Neueren methoden der Festigkeitslehre und der Statik der Baukonstruktion- 
en,” Mueller-Breslau, Baumgartner’s Buchhandlung, Leipzig, 1904, 36. 
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theory structures.4-8 The determination the horizontal well the 


vertical components the joint deflections, the treatment statically inde- 
terminate trusses, and the construction influence lines this method will 
discussed the following. 

The bar-chain method analogous the conjugate frame method? for 
analyzing the deformation continuous frames; the conjugate frame method 
extension the conjugate beam method 0,11 for calculating beam de- 
flection. The deformation truss due the changes length the mem- 
bers involves the distortion the truss triangles, the rotation the mem- 
bers, and the deflection the joints. The joint deflection may thought 
the combined consequence the changes the internal angles the tri- 
angles and the rotation the members. The effect the latter may con- 
veniently represented equivalent angular changes applied elastic weights 
the joints conjugate bar chain from which the deflection joint 
determined simply calculating the bending moment this joint produced 
the elastic weights. 


The relationship between the different quantities will derived the fol- 
lowing. 


DISTORTION TRUSS TRIANGLES 


Consider the internal angle triangle brs the truss shown Fig. 
can shown” that the change may expressed terms the unit 
strains the members the triangle the form 


which are the internal angles and e,, and are the 
unit strains the members the triangle (Fig. 1), positive the member 


intension. The change the joint given, therefore, 
the expression 


and the corresponding change the external angle 


Bryan and Turneaure, Part Ii, Wiley, New York, 1929, 383. 
“Elementary Structural Analysis,” Wilbur and Norris, McGraw-Hill 
Book Co., Inc., New York, 1948, 337. 
“Structural .Theory,” Sutherland and Bowman, 4th Edison, Wiley, New 
York, 1950, 202. 

“Statically Indeterminate Structures,” Wang, McGraw-Hill Book Inc., 
New York, 1953, 55. 

“Indeterminate Structural Analysis,” Kinney, Addison-Wesley, Reading, 
Mass., 1957, 179. 

“The Conjugate Frame its Application inthe Elastic and Plastic Theories 
Structures,” Lee, Franklin Inst., Vol. 266, No. September, 1958, 207. 
Ing., Hannover, Vol. 31, 1885, 418. 


“Deflection Beams the Conjugate Beam Method,” Westergard, 
Western Soc. Engrs., November, 1921. 
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BAR-CHAIN METHOD 


Vex 


“Cx 


Conjugate bar chain 


(a) Actual bar chain abo 
abo for horizontal 
deflection components. 


Scy 
x 
Conjugate bar chains 


Conjugate bar chain 
for vertical and for verti- 
cal deflection 


components. 


FIG, 2.—ACTUAL AND CONJUGATE BAR CHAINS 


\ 
re) 
“6 
1.—INTERNAL AND EXTERNAL ANGLES TRUSS TRIANGLES 
\ ae 
{ 
q 


The terms and are positive the angles are increasing magnitude. 


FUNDAMENTAL RELATIONSHIP 


The vertical and horizontal components the joint deflections are de- 
termined separately. The relationship between the deflection components and 
the unit strains the truss members will derived the following. 

Vertical Deflection Components.—Consider the bar chain abc Fig. 2(a) 
which displaces the position a'b'c' under the action applied loads. Since 


the relative vertical deflection joint with respect joint due tothe ro- 
tation member ab, and its deformation given 


Substituting 


which and are, respectively, the vertical deflection components 
joints and and are, respectively, the length, the horizontal pro- 
jection, the unit strain, and the angle inclination the left member ab. 
the following, x', e', and are the corresponding items for the right mem- 
ber be. The terms and are considered positive measured clockwise 
from the horizontal while and are positive the members are tension. 
The same derivation yields 


Next consider the conjugate bar chain shown Fig. 2(b) which subjected 
the vertical elastic weight and supported the ends the “shearing 
forces” and @cy and the “bending moments” and The relation- 
ship actual bar chain and the conjugate bar chain similar that 
which exists between actual frame and the conjugate the actual 
bar chain, and are considered positive the joints move downward 
and clockwise end rotation are positive. the conjugate bar chain, downward 
wise, respectively, the conjugate bar chain and positive, 
shown Fig. 2(b). Thus, the sign convention the same that used beam 
analysis. should noted here that and are the equivalent rotations 
members and joints and respectively. They represent the total 
effect the rotations and the axial deformations the members the verti- 
cal deflections joint 
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Equating the summation the vertical forces zero (Fig. 2(b)) yields 

The conjugate bar chain, shown Fig. 2(b), may brokendown into two sepa- 


rate free bodies, shown Fig. 2(c). the latter, equating the summations 
moments about zero leads 


and 


from conjugate bar chain for the vertical deflection components. angle 
abe measured below the bar chain, shown Fig. 2(b), external angle, 
which true this discussion, then 


which given Eq. If, however, angle abc, thus measured, 
internal angle, then 


which given Eq. This point will further discussed later. 
has just been shown that the elastic weight Wpy, applied the conju- 
gate bar chain Fig. (b), computed terms the unit strains the 
members means Eq. with the aid either Eqs. the vertical 
deflection components the joints may readily determined from the con- 
jugate bar chain simply applying the law statics. The procedure best 
demonstrated means numerical examples. 
Horizontal Deflection Components.—The relationship between the elastic 
weight and the unit strains the members for the calculation the horizontal 
deflection components readily derived similar manner. The conjugate 
bar chain shown Fig. 2(d). this case, however, the elastic weight 
and the equivalent end rotations and are acting the horizontal di- 
rection, positive shown. the actual bar chain, and are positive 
the joints move the right; their corresponding positive directions the 
conjugate bar chain are shown Fig. 2(d). can shown that 


jugate bar chain for the horizontal deflection components. 


will shown later that, before proceeding determine the horizontal 
deflection components, necessary establish the relationship between 
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Equating Eqs. and leads 
similar manner, can shown that 


Sign Convention for Bar sign convention summarized for 
convenient reference the following. 

the actual bar chain, the vertical and horizontal components joint de- 
flection are positive the joint moves the right, respectively; 
clockwise equivalent end rotations are positive. 

bar chain for the vertical deflection components, positive 
elastic weights act downward; positive clockwise the bar 
the left end and positive acting counterclockwise the bar the 
right end; positive acting upward and positive acting down- 
ward. 

the conjugate bar chain for the horizontal deflection components, posi- 
tive elastic weights act the right; 6,, and are positive acting clock- 
wise and counterclockwise respectively the ends the conjugate bar chain; 
positive acting the left and positive acting the right. 

Example 1.—Consider the shown Fig. 3(a), inwhich the numbers 
indicated the members are the unit strains caused the applied loads 
shown. illustration, take the bar chain shown Figs. 3(b) 
and(c). The computation the elastic weights for the vertical deflection 
ponents, Wy, and those for the horizontal deflection components, Wx, for joints 
nal external angles, respectively. The values and are then 
cated Fig. 3(b) and (c), respectively. 

Fig. 3(b), equating the summation moment about zero yields 


Setting the summation forces equal zero leads 


“Statically Indeterminate Structures,” Wang, McGraw-Hill Book Co., Inc., 
New York, 1953, 55. 
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The vertical deflection components joints and are then determined 
simply calculating the moments about the respective joints. Thus, 
0.360 in. 


and 


The positive signs indicate that the deflections are all downward. 
Before proceeding calculate the horizontal deflection components, observe 
that there are three unknowns the conjugate bar chain shown Fig. 3(c), 


o. 541 


(a) Figures members bar chain 
are strains, for vertical 
components. 


All figures 
10~ 
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(c) bar chain for horizontal deflection 


FIG, 3.—EXAMPLE 


namely @Lox, and Since only two conjugate frame equilibrium 
conditions are available, the third unknown first determined from the 
value Loy just obtained means Eq. 19. Thus, 


[1.173 (-0.266) (-1.333 0.750)] 10-3 0.620 10-3 


Applying the conditions static equilibrium yields 


and 


The latter can determined irrespective the values and The 
horizontal deflection joints Lg, and be, respectively, 
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0.0314 in. 


The positive signs indicate that the deflections are the right. 


TABLE 1.—COMPUTATION ELASTIC WEIGHTS. (EXAMPLE 


-0.116 
+0.581 -0.116 


All figures multiplied 10-3 


The vertical deflection component joint equal that Lg, since 
the strain member zero. The horizontal deflection component 
member Thus, 


0.0901 in. 


The deflection components and can determinedin similar man- 
ner taking the bar chain and 

Example 2.—As second illustration, consider the shown Fig. 
(a), which the unit strains are indicated the respective members. The 
vertical deflection component joint first determined means the 


Book Co., Inc., New York, 1948, 337. 
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BAR-CHAIN METHOD 


(a) are unit Conjugate bar 
chain abc for 

10°, vertical 

tion components, 


0.46ex/o7? 


(c) bar chain Conjugate bar 
fbe for vertical def- for 
lection tal deflection 

components. 


65x20 8% xl > W, 96 43206 
bx Sex 


(e) Conjugate bar (f) Conjugate bar 
for horizontal chain for hori- 
deflection components. zontal deflection 


FIG, 4.—EXAMPLE 
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conjugate bar chain abc, shown Fig. 4(b), which the elastic weight, 
computed Table should noted that since angle abc indicated 


Considering the conjugate bar chain shown Fig. 4(b), the equilibrium condi- 
tions yields 


and taking moment about leads 


The vertical deflection components and can readily calculated 
from those and respectively. 
Thus, 


+(0.416 1073 300)= 0.125 in. 


and 


order determine the horizontal components the joint deflections 
means the conjugate bar chain shown Fig. 4(f), must first calcu- 


lated. 
TABLE 2.—COMPUTATION ELASTIC WEIGHT (EXAMPLE 2). 
-0.832 
-0.416 
-0.798 
*All Figures multiplied 10-3 


Considering the conjugate bar shown Fig. 4(c), the elastic weight 
W'py may computed from the values the angle changes given the Table 
Eq. 13. Thus, 


gst 
bad 
4 
ay 
2 
|. 
& 
4 he 
ig 


BAR-CHAIN METHOD 


The value was determined previously and equating the summation 
moments about yields 


Consider next the conjugate bar shown Fig. 2(d). The value 5p, 
readily found from the strain member 


0.460 


Setting the summation moment about equal zero yields 


Moving conjugate bar af, shown Fig. 4(e), with the value known, 


Returning Fig. 4(f), with known, the horizontal deflection components 
are easily found summing moments the respective joints, 


and 


The value computed from that and found 0.138 in. 


The computation the elastic weights and Eq. 16is omit- 
ted, since the procedure has been demonstrated Example 


STATICALLY INDETERMINATE TRUSSES 


The application bar chain method the analysis statically indeter- 
minate trusses will demonstrated means the two examples which follow. 
Example 3.—To determine the redundant reaction acting the truss 
loaded, shown Fig. 5(a), consider first the conjugate bar chain shown 


Fig. 5(b). can shown, the manner demonstrated, that the 
elastic weights are 
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(a) truss. 
areas all members are equal 


O 

bar chain (c) bar chain 
daebfh for vertical daebfh for horizontal 
components. deflection components. 

FIG. 5.—EXAMPLE 
which 1/E The equilibrium conditions yield 


Consider next the conjugate bar chain shown Fig. 5(c). The value 
can determined from that just determined Eq. and found 


Since deflection can take place joint and equating the summa- 
tion moments about zero leads 


0.2398 


which the required solution. 
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Example 4.—To illustrate the construction influence line the bar chain 
method, the influence line for the redundent horizontal reaction the truss 
shown Fig. 5(a) will discussed, assuming that defg the loaded chord. 
Only vertical load will considered; horizontal load can treated sim- 
ilar manner. 

Mueller-Breslau principle, the ordinates the influence line for are 
given 


which denotes the vertical deflection component the loaded joint due 
any value Happlied the truss, with the hinge support joint hreplaced 
horizontal roller support; and the corresponding horizontal deflec- 
tion component joint 


a 


-Z.0787K 


—o. 46/9 


42673 


0,2397 


FIG, 6.—EXAMPLE INFLUENCE LINE FOR 


Consider first the conjugate frame daebfh for horizontal deflection com- 
ponents shown Fig. 6(a). Due the values the elastic weight, and 
the reaction the figure are obtained from Fig. 5(c), with set equal 


“Analysis Statically Indeterminate Trussed Structures Successive Approxi- 
mations,” Voodhigula, Proceedings, ASCE, Vol. 67, 1941, 
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zero. The horizontal deflection component joint then, obtained 
summing the moments about and found 


determine evident that the conjugate bar chain, shown Fig. 
6(b), which the loaded chord, should used. The elastic weights for joints 
and due inthe figure, are computed inthe usual way. Be- 
fore proceeding calculate necessary first determine one the 
three end reactions, say means bar chain, say the one shown 
Fig. 6(c). Thus, equating the summation moments about (Fig. 6(c)) 
zero yields -2.2635 Transferring this value Fig. 6(b), the values 
can now calculated summing the moments about joints and 
respectively. Thus, 


(27a) 


The ordinates the influence line for are, then, obtained dividing these 
values -9.4407 The result shown Fig. 6(d). 


CONCLUSIONS 


attempt has been made extend the application the bar-chain method, 
thereby putting par with other classical methods truss analysis. 
seenthat the expressions solution are relatively simple, thus, 
requiring only nominal amount numerical work. 

the analysis truss deformation, the deflection components are usually 
the desired quantities. contrast, the rotations the members are seldom 
needed. nevertheless important distinguish between the actual rotation 
ofa member, its equivalent rotations, and Their relationships 
are clearly established the foregoing and are essential the application 
the bar-chain method. 

comparison with the method Castigliano, the unit-load method, one 
advantage the bar-chain method lies inthe fact that the deflection components 
several joints may obtained single bar chain. This feature makes 
useful tool the construction influence lines where higher accuracy than 
that obtained Williot-Mohr graphical method desired. the manner 
approach and application, the bar-chain method considered the analytic 
equivalent the Williot-Mohr graphical method. 


NOTATION 
subscripts denoting joints the truss; 
unit strains members the left and the right joint, re- 
spectively; 


“gh 
4 
. 
ee 
— 
a 
e 
4 


BAR-CHAIN METHOD 


lengths members the left and the right joint, respec- 
tively; 


Ly, joints along lower chord truss; 


elastic weights conjugate bar chains for horizontal and ver- 
tical deflection components, defined Eqs. and 13, re- 
spectively; 


horizontal projections members the left and the right 
joint, respectively; 


vertical projection members the left and the right 
joint, respectively; 


internal angle (Fig. 1); 
internal angles triangle (Fig.1); 


angles members the left and right ofa joint, 
respectively, positive measured clockwise from the hori- 
zontal (Fig. 2a); 


horizontal and vertical deflection components joint re- 
spectively; and 


external angle (Fig. 1). 
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INFLUENCE PARTIAL BASE FIXITY FRAME STABILITY 


SYNOPSIS 


The buckling strength pinned-base rigid frame considerably lower 
than that identical fixed-base frame. current design practice the 
United States, however, pinned column bases are specified for structures 
because the construction suitable foundations for fixed bases usually 
the over-all cost. shown that the rotational restraint offered com- 
monly used “pinned” column bases sufficient increase the buckling strength 
these frames almost that identical fixed-base rigid frames. 


INTRODUCTION 


The buckling load pinned-base rigid frame considerably below that 
identical fixed-base frame. This may shown any one the many 
“exact” and approximate methods whichare available for determining the buck- 


open until October 1960. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE, This paper part 
the copyrighted Journal the Structural Division, Proceedings the American So- 
ciety Civil Engineers, Vol. 86, No. May, 1960. 
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ling strength rigid frames. 

The single-story, single-bay rectangular rigid frame will examined 
illustration. For simplicity will assumed that the axial force acting 
each column equal and that the frame symmetric. The two frames 
which will compared are shown Figs. 1(a) and (b). Fig. 1(a) shows the 
pinned-base frame and Fig. 1(b) shows the fixed-base frame. 

The frame shown Figs. 1(a) and (b) may buckle one two modes: 


Many these methods are available else- 


may fail sidesway buckling mode. 
may fail symmetric mode sidesway prevented the top 
the columns. 


these two, the sidesway type buckling the more critical. Therefore this 
mode buckling will considered here. The solid lines Figs. 1(a) and (b) 
represent the stable, undeflected shape the frame. The dashed lines show 
the unstable, sideswayed frame. 


Solid Lines: Stable deflection configuration 
Dashed Lines: Unstable deflection configuration 


FIG, CONFIGURATION PINNED 
BASE AND FIXED BASE RIGID FRAMES. 


“Buckling Strength Metal Structures,” Bleich, McGraw-Hill Book Co., New 
York, 1952, Chapters and 

“Theory Elastic Stability,” Timoshenko, McGraw-Hill Book Co., New York, 
1936, Chapter 

“Rational Simplifications for the Buckling Length Columns,” Kavanagh, 
Column Research Council, Proceedings the Seventh Tech. Session, May, 1958. 

Design Criteria for Metal Compression Members,” Column Research 
Council (to published.) 

“Din 4114 Knickung, Kippung, Beulung,” “German Buckling Specification,” English 
translation Galambos and Jones, Column Research Council, June, 1957. 
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The problem the pinned-base, single-story, single-bay rigid frame has 
been solved? has the corresponding fixed-base frame.8 The critical buckling 
load either frame 


which the load causing frame buckling, denotes the tangent modu- 
lus, the moment inertia the columns the plane bending, 
represents the length the columns, and coefficient indicating the “ef- 
fective” length the column. 

The critical buckling condition the pinned-base frame expressed 
the following buckling equation: 


The corresponding equation for the fixed-base frame 
Ic Lp T 


which the moment inertia the beam the plane bending, 
denotes the length the beam, andT the ratio tangent modulus modu- 


The relationship between the coefficients Eq. Eqs. and 
established follows: From Eq. 


The curves relating the effective length factor and the non-dimensional 
ratio computed Eqs. and are given Fig. for the two column- 
frame. The corresponding variation for the pinned- 
base frame from 2.0 must noted that enters into the de- 
nominator Eq. squared term, and thus the reduction strength due 
pinned-column base quite considerable according this theory. Taking 
for example the case where 1.0, 1.16 for the fixed-base frame and 
2.33 for the pinned-end condition. Substitution these values into 


“Buckling Strength Metal Structures,” Bleich, McGraw-Hill Book Co., New 
York, 1952, Section 73. 
Ibid., Section 74. 
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Eq. shows that the fixed-base frame may carry 4.07 times much load 
the increases, the difference tends larger. 
5.0 the ratio the two buckling strengths 5.07. 


STATEMENT THE PROBLEM 


discussion shows that fixing the column bases, the buckling 
pean practice, use made this fact usually specifying fixed-base struc- 
tures, sometimes small expense the builder. American practice, 
the other hand, the assumption pinned-base structure the general 
rule. 

is, however, impossible attain either fully fully fixed- 
end condition construction. The column bases are stage intermediate 
between the two extremes. The actual restraint depends the details used 
the construction the bases. 


FIG, LENGTH FOR PINNED BASE 
AND FIXED BASE RIGID FRAMES, 


The purpose this paper investigate the extent the influence 
partial end restraint the buckling strength rigidframes. The relation- 
ships between base restraint and frame stability will established find out 
how the critical load varies the restraint changes from full fixity fully 
pinned-end condition. The problem will solved for two frames the slope- 
deflection method described These frames are: 


Single-story, single-bay rigid frame. 
Two-story, single-bay rigid frame. 


Ibid., Section 60, 
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FRAME STABILITY 


Base restraint the following analysis inserting arestrain- 
ing beam between the two column bases shown Fig. 3(a). This beam re- 
strains the column ends the same way would done actual base 
consisting base plates, anchor bolts, the the soil. Base restraints 
end rotationas shownin Fig. where the end moment, the 
rotation, and the spring constant. the subsequent derivations the frame 

Fig. 3(a) will analyzed;the approach for the system springs (Fig. 3(b)) 

would similar. 


METHOD SOLUTION 


Bleich has the moments the ends member (Fig. the 
following equations: 


which and are end rotations member AB, the rotation 
member with respect the unloaded position. assumed here that the 
member has uniform stiffness along its whole length. The coefficients and 
are defined 


which 


Table also shows various other coefficients which will defined later. 

The sign convention Eq. the following: Joint rotations and bar ro- 
tations are positive when the rotation takes place clockwise sense. For 
example, all joint and bar rotations the frame Fig. 3(a) are clockwise and 
therefore positive. 

critical buckling equation obtained writing expression for the 
moment the ends each member, using Eq. Equilibrium maintained 
each joint setting the sum the moments the joint zero. Ad- 
ditional necessary equations are obtained from statical conditions. For the 
frame Fig. 3(a) for example, additional equation obtained summing 
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FIG, 3.—SINGLE-STORY SINGLE-BAY RECTANGULAR 
FRAME WITH BASE RESTRAINT. 
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the horizontal reactions and equating their sum zero. many independent 
equations are necessary the number unknown joint rotations and bar 
rotations Stability satisfied when the determinant the coefficients 


the unknowns equal zero. 


THE BUCKLING STRENGTH SINGLE-STORY, SINGLE-BAY 
RIGID FRAME 


The frame which analyzed shown Fig. 3(a). Since the loading 
and the dimensions are symmetrical, only one half the frame need con- 


TABLE 


3.999 
3.988 
3.979 


joint rotations then are and the unknown bar rotation For 
these three unknowns, three independent equations must found. Joint and 
bar rotations are clockwise, therefore positive. The moments the ends 
bar are, according the following: 


0.1 31.416 2.000 3.002 0.997 
0.2 15.708 2.001 3.008 0.987 
0.4 7.854 3.033 0.946 -1.028 
0.6 2.012 3.952 3.075 0.877 
1.4 2.244 2.070 3.732 3.491 0.241 
2.0 1.572 2.152 3.436 -0.915 -2.199 
2.2 1.430 2.189 3.309 4.910 -1.601 -2.721 
2.4 1.310 2.233 3.166 5.786 -2.620 
2.6 1.210 2.283 3.005 7.328 
3.0 2.412 2.624 23.658 -21.034 


The direction the moments Eq. clockwise shown Fig. Not- 
ing that the bending moments the end bar and the 
and 
Et Ig - 


There axial force present bars and BC. Since therefore the 


values the coefficients and are obtained from Eq. 

and 


these values and are substituted into Eq. 12, and the subscripts 
and are dropped Eq. 11, the equations for the four bending moments are 


B 


Next, the equations equilibrium will written the two joints. 
(1) Joint 


Substituting Map and from Eq. 


general the column will not equal the beam. Since forces ex- 
the beam prior buckling, all the beam will remain elastic, and hence 


Einthis member. The equilibrium equation can now rearranged 
follows: 
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the abbreviation 


used, Eq. can written as: 


" 


(2) Joint 
Mpa + Mgc =9 


Performing the same operation for joint the corresponding equilibrium 
equation will 


Eqs. and are two equations the three unknowns One 
additional expression necessary for solution. This additional equation 


FIG, 4.—THE SLOPE DEFLECTION EQUATIONS. 


obtained from the statical condition that the sum the horizontal reactions 
the bases must equal zero. Since the end moments column are equal 
sense the end moments column CD, the horizontal base reaction 
the right for each column. But since the moments are also equal magni- 
tude, this canonly possible the horizontal reaction each columnis zero. 

The additional equation derived summing moments about point (Fig. 


3(a)). 


ip, 
> 
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the values Mpa and Map from Eq. are substituted into Eq. 22, the fol- 
lowing equation results: 


(23) 
C+S 
With the abbreviation 
2(C+S) 
these equations reduce the following: 
and 
The stability condition that the determinant the coefficients must 


Performing the operations indicated this determinant, the equation for the 
buckling strength rectangular single-story, single-bay frame 


where 
and 


can shown that Eq. reduces the buckling condition for the pinned- 
base frame (Eq. when and the buckling condition for the fixed-base 
frame (Eq. when 

The relationship between the effective length factor and the varying de- 
grees base fixity expressed terms shown Fig. for several 
constant values the ratio The left end the curvesin Fig. corresponds 
the values for pinned-end frame 0), and the right endof the curves 
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approaches the k-values for fixed-end frame asymptote. The 
curves show that the effective length rapidly reduced from its value for the 
case pinned-base frame soon small amount base restraint 
present. For example, this restraint equal the stiffness the top beam 
fixed-base frame. This indicates that although the base still relatively 
flexible, the small restraint offered produces almost the same effect 
that fully rigid column base. 

The effect partial base fixity the critical load shown Fig. Here 
the base restraint coefficient plotted versus the critical load (non- 


dimensionalizedby the factor 


can again observed that small 


SINGLE-STORY SINGLE-BAY 


restraint the column ends can increase the critical load considerably. 

rigid frame usual proportions the critical load the columns may 
higher than that load which would cause partial yielding. this case 
calculating and and finding from Eq. Fig. The corresponding 
critical load then computed from Eq. the stress due above 
the proportional limit the material, and thus can obtained from 
stub column stress-strain diagram.10 new value and therefore 
and can now found for this value The value the stress will 


“Basic Column Strength,” L.S. Beedle and Tall, Fritz Lab, Report 
Lehigh Univ., Bethlehem, Pa., 1959. 
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changed, and yet another can computed. This process can repeated un- 
til sufficient accuracy obtained. 

The additional work necessitated the procedure outlined above will not 

required, unless very high degree accuracy desired. The value 

(Eq. 18) will increase and the value (Eq. will decrease changed 

from 1.0 its inelastic value 1.0. can seen Fig. that this 

occurs, computed for 1.0 will always smaller than computed for 

Thus the error will onthe safe side takenas 1.0. This error 


0.5 


FIG, 6.—VARIATION CRITICAL LOAD WITH BASE RESTRAINT 
FOR SINGLE-STORY SINGLE-BAY FRAME, 


large changes and willnot change appreciablyif 2.0 0.5 
(Fig. 5). 


BUCKLING STRENGTH TWO-STORY, SINGLE-BAY FRAME 


order show that situation similar that described above exists for 
other frames, the buckling strength another structure will computed. This 
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the two-story, single-bay, rectangular rigid frame shown Fig. The 
span this frame Lp, and the story heights are the same for each story 
(story height Lc). The moment inertia equal for the columns and 


for the beams. Base restraint simulated beam which has moment 
inertia Ig. 


FIG, 7.—TWO-STORY SINGLE-BAY RIGID FRAME, 


The buckling strength the frame shown Fig. expressed 


The derivation this equation given Appendix reduces 


for fixed-base frame 


The versus for the pinned-base case and for the fixed-base case 
are shown Fig. and the relationship between and for several constant 


j 
" 
1 
7 
_ 
a 
* 


3.0 


2.0 


May, 1960 


FIG, 8.—EFFECTIVE LENGTH FOR TWO-STORY FRAMES. 


FIG, LENGTH COLUMNS ONE- 
AND TWO-STORY RIGID FRAMES. 
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for small amount base fixity can again observed. The curves for 
the single-story frame are also shown Fig. for comparison. 


APPLICATIONS THE THEORY 


the preceding discussion equations were developed for the buckling strength 
two symmetrically loaded symmetrical rigid frames. was shown that 
small amount base restraint, simulated elastic beam between the 
column bases, reduces the effective length the columns and thus increases 
the strength the frame. The curves Figs. and indicate that the 
ratio greater than one, the buckling strengthof the frame 
nearly that fixed-base frame. 

The problem which remains discussed the determination the re- 
straint actually offered column bases which were designed “pinned.” This 
must known order evaluate the stiffness the base beam. The 
relationship between the column base restraint and the stiffness the fictitious 
base beam can obtained the following manner: The moment the end 
the base beam (from Eq. 14), 


the frame manufactured from steel, 108 psi) the stiffness 


equal 


Eq. the value unknown. This ratio the initial slope curve 
showing the relationship between moment and the corresponding rotation for 
column base. 

Column bases for so-called pinned-base structures consist, general, 
plates welded the bottom the columns. These plates are bolted anchor 
bolts the concrete the footing. Rotation may take place between the column 
base and the footing, and the whole footing may rotate the surrounding soil. 

Before any conclusions can drawn from the theory, necessary 
know whether this ordinary pinned-base arrangement offers sufficient re- 
straint base rotation decrease the effective column length towards that 
fixed-base frame. 

There are few experimental and analytical studies available which show the 
moment-rotation characteristics the footing the surrounding soil. 
Roscoe and Schofield made the rotation eight column 
footings embedded sandy soil. (This research was part scale col- 


“The Stability Short Pier Foundations Sand,” K.H. Roscoe and Scho- 


field, The BritishWelding Journal, Symposium the Plastic Theory Structures, Cam- 
bridge, England, September, 1956. 


lapse tests rigid north-light portal frames Cambridge University.) The 
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footings were designed furnish full fixity the column bases, and the ex- 
perimental curves show that this was indeed the case for most 
the columns. 

estimate the stiffness the the soil can made the 
following approximation: Before buckling the foundation subjected only 
compressive force. the inception frame buckling additional bending 
moment indeterminate magnitude present. Since the ratio this 


FOUNDATION BEFORE BUCKLING 


Elastic Spring 


IDEALIZED SITUATION BUCKLING 


FIG, REPRESENTATION RESTRAINT 
OFFERED FOUNDATIONS, 


moment with respect the corresponding rotation, required only the 
start buckling, can assumed that the response the soil the mo- 
ment purely elastic. assumed also that the foundation rigid 
comparison with the soil, the rotation can represented set elastic 
springs (Fig. 10). The reaction the soil any elementary area (where 
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the width the foundation) (where the force, per linear inch, 
which necessary compress the soil in., and the deflection). Taking 
moments about point Fig. 10, found that dx. Integrating 
over the length the foundation, noting that 


The modulus can with the “modulus subgrade reaction,” 
which given pounds per square inch per inch deflection, setting 
gq. The value the base stiffness then 


Values must determined experiment the designer can estimate 
them accordance with his knowledge the soil conditions. Magnitudes 

Substitution from Eq. into Eq. yields the following expression 
for the stiffness the fictitious restraint beam due the rotation the foun- 
dation the soil: 


10° 
must realized that only approximation. For more accu- 
rate evaluation the stiffness extensive analyti- 
cal and experimental research necessary. Eq. gives only conservative 
estimate for case that more precise information available. 
Analytical approximations have been developed for the case where the foot- 
ing does not rotate the soil.13 Rotation takes place between the column ends 
and the footing due the deformation the base plate, the anchor bolts, and 
the concrete. Results this investigation show that the slope the moment 
rotation curve 


which the width the base plate, denotes the lengthof the base plate, 
and the modulus elasticity the concrete. Eq. substituted into 
Eq. 35, the stiffness restraining beam due moment between 
the column base and the foundation 


where the modular ratio 

Whichever the two stiffnesses (Eq. Eq. 40) yields the least 
stiffness would used determine the coefficient and thus the buckling 
strength the frame. 

show the extent which partial base fixity influences the buckling 
strength particular frame, example calculated Appendix 


“Introduction Highway Engineering,” Bateman, John Wiley and Sons, 
New York, 1948. 

“Moment Rotation Characteristics Column Anchorages,” Salmon, 
Schlenker and Johnston, Proceedings, ASCE, Vol. 81, No. April, 1955. 
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The critical loadof rectangular rigid frame the type and loading shown 
Fig. computed. First, the critical loadis determined assuming pinned 
bases; next the influence partial base fixity included the calculation. 

The following may concluded from this example: 


Evenforas stocky member was used inthis example column, 
long, bent about the strong axis) seen that not worth while 
compute the influence 1.0, since the column strength underestimated 

The critical load, assuming pinned bases 217 kips including the vari- 
ation the influence base restraint also considered (assuming 
relatively poor soil, 150 seen that 281 kips. Thus the 
increase about 30% the critical load for pinned bases this problem. 


The following conclusions may drawn about the effects partial base 
restraint from this analysis: 


Partial base fixity has beneficial effect the buckling strength 
rigid frames. 

rectangular rigid frames, small amount base restraint reduces the ef- 
fective length considerably from that the pinned-base condition. 

Further research the moment-rotation characteristics common 
column foundations necessary before more accurate estimate the base 
restraint can made. Available information indicates that presently used 
“pinned” column bases give enough restraint increase the buckling strength 
the frame considerably, especially the footing large. 

The results this investigation indicate that the restraint offered 
the base details one and two story frames analyzed pin-based many 
cases adequate prevent failure frame instability. This fact especially 
important for plastically designed structures, since the buckling strength com- 
putedon the basis pinned-ends wouldotherwise often limit the full realization 
the mechanism. 

The method permits the calculation the critical buckling load any 
pinned-base frame, long estimate the base restraint can made. 
For plastic design the method analysis for determining approximate con- 
servative buckling load the following: The plastic hinges the incomplete 
mechanism are replaced real hinges, and stability analysis made 
this structure. the critical loads the structure for which all but the last 
hinge has formed higher than equal tothe plastic collapse load, the frame 
will not fail frame instability. 

when real hinge placed one the knees. again seen that partial 
base fixity reduces the effective length rapidly, even only small amount 
base restraint present. Also shown Fig. the equation representing 
the buckling strength, base restraint, and dimensional relationship for this 
structure. 
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STABILITY CONDITION: 


where: 


3.0 


2.0 


FRAME CONTAINING HINGE. 
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APPENDIX 


Derivation the Critical Equation for Two Story, One-Bay Frame.—The 
frame and its dimensions are shown Fig. Since the frame symmetri- 
cal, only one half the frame need analyzed. All rotations are clockwise; 
thus the equations the moments from Eq. are: 
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Conditions Equilibrium.— 
horizontal shear forces are present: 


and 


Substitution the moments yields the following equation for and 


and 
(43b) 
2(C +S) 


the values the moments and and and the abbreviation (Eq. 25) 
are substituted, the following equation results: 


Substitution leads to: 
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Substitution leads to: 


Introducing simplificationsof and (Eq. 29), the three simul- 
taneous equations are: 


and 


Equating the determinant the coefficients zero, the following equation 
results the buckling equation: 


6 6 2 6 = 
APPENDIX 


desired todetermine the critical load anindustrial frame 
shown Fig. The top cross beam member, and the columns 
are 8WF31 members, arranged such manner that the web the plane 
the frame. Weak-axis buckling out the plane the frame assumed 
prevented bracing. The span length in. and the column height 

Assuming Pinned Column Bases 


Column Size: 8WF31 Beam Size: 10WF33 
109.7 in.4 170.9 in.4 
156 in. 240 in. 
Assume 1.00 
I 

From Fig. 2.33 


The critical stress has been given!4 (as approximate expression) 


“Basic Column Strength,” Beedle and Tall, Fritz Lab. Report 220A.34, 
Lehigh Univ., Bethlehem, Pa., 1959, Eq. 11. 
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approximation for obtained follows: 


For this problem, 


(105)2 


and 


Adjusting for 1.00: 


The corresponding value from Fig. 2.28. Calculating the new 
and another value found that the values and after two cycles 
are equal 2.27, 23.8 ksi, and 217 kips. 

Including the Influence Base Restraint 


Base plate size: in. in. 


Then, from Eq. 38, 


Since this stiffness smaller than the stiffness the base-plate anchorage 


bolt detail (Eq. 38), will used subsequent calculations: 
109.7 
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From the corresponding value 1.22, and according L.S. 
equal 30.4 ksi, 277 kips. Proceeding before in- 
clude the influence 1.0, found that after two cycles 1.10, 30.8 
ksi, and 282 kips. 
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width base plate; 
nondimensional coefficient, defined Eq. 
nondimensional coefficient defined Eq. 10; 
length base plate; 
modulus elasticity; 
tangent modulus; 
modulus elasticity concrete; 
length foundation; 
width foundation; 
moment inertia beam; 
moment inertia column; 
moment inertia ficticious base restraint beam; 
spring constant soil; 
nondimensional coefficient defined Eq. 25; 
effective length coefficient; 
span length; 
length column; 
bending moment; 
moment the end member AB; 
modular ratio; 
axial load column; 
critical load; 
nondimensional coefficient defined Eq. 29; 


modulus subgrade reaction; 


nondimensional coefficient defined Eq. 29; 


nondimensional coefficient defined Eq. 
nondimensional coefficient defined Eq. 10; 
coordinate distance; 


coordinate deflection; 
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spring constant; 
nondimensional coefficient defined Eq. 
nondimensional coefficient defined Eq. 18; 
nondimensional coefficient defined Eq. 
joint rotation; 
bar rotation; and 
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REVIEW LIMIT DESIGN FOR STRUCTURAL 


Closure and Eivind Hognestad 


YU,! and EIVIND HOGNESTAD,? ASCE.—The authors wish 
thank all the discussion contributors for the valuable additional information 
they have presented about limit design structural 

The three deflection curves produced Mr. Ernst are most interesting. 
However, these curves means indicate that the deflection structures 
designed limit design need not checked. Structural engineers often find 
that even sections worked out the elastic theory have enlarged, not 
because strength, but satisfy deformation requirements. 

The definition “plastic hinge,” proposed Mr. Zaslavsky, more 
detailed nature than that the authors’, but cannot applied the gen- 
eral sense, since plastic hinges can also exist structural members other 
than beams. The two examples quoted Mr. Zaslavsky demonstrate the 
strengthening sections without lowering the load carrying capacity are very 
true. However, when redundant structure material having comparative- 
low ultimate strain considered, the situation would different. 

The authors fail agree with Mr. Chan’s view thatit unrealistic, 
limit design, seek approximate elastic moment distribution. must 
remembered that deflection and crack control may often even more im- 
portant satisfactory performance structure than ultimate strength. 
Furthermore, field and laboratory measurements indicate that deformation 
can predicted fairly accurately reasonable elastic assumptions, particu- 
larly since the deflection need not known exact figure. example, 
this respect, thecase the design slabs Johansen’s yield line theory. 
The load factor the 1/d ratio will give little indication the magnitude 
deflection. The authors welcome the simplified compromise formula for lp. 
seems far more reasonable that the width the support member 
taken into account. 

Mr. Mirza has made several points the authors’ paper more explicit. 
The expression derived for may more precise, but the difference be- 
tween its results and those obtained Eq. small. 

The information given Mr. Cowan’s discussion contributes much the 
paper. Inanswer his question, the authors’ opinion will not econom- 
ical use spiral reinforcement the compression zone beams. The mo- 
ment redistribution properites over-reinforced and under-reinforced sec- 


December, 1958, and Eivind Hognestad. 
Dev. Engr., Structural Development Sect. Research and Development Div., Port- 
land Cement Assn., Chicago, 

Mgr., Structural Development Sect., Research and Development Div., Portland 
Cement Assn., Chicago, 
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tions have been discussed fair detail the paper, and does not seem 
warranted extend such discussion this closure. 

The authors consider Mr. Sawyer’s discussion extremely valuable because 
his explanation the fundamental principles limit design that formu- 
lated, very clearly, approach future development the subject. The 
methods developed Sawyer and Johnson their paper are very powerful. 
The authors regret that this knowledge, and the recent papers Ernst, be- 
came available only after the present paper had been completed. 

Mr. Hajnal-Konyi has pointed out privately the authors that his 
has shown that moment redistribution continuous beams only takes place 
when the load factor against shear failure greater than that due bending. 
further demonstrated that moment redistribution can occur even when cold 
worked bars are used. 


“Moment Redistribution Continuous Beams Reinforced with Plain and Deformed 


Bars,” Hajnal-Konyi and Lewis, Symposium the Strength Concrete 
Structures, London, 1956. 
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BENDING MOMENTS SHELL 


Discussion Zdenék Sobotka 


ZDENEK authors have made extremely valuable con- 
tribution the practical analysis bending stresses the boundary zones 
the most important types shells. Especially, the representation the 
bending problem for the hyperbolic paraboloid the displacement has 
very great advantage before the solutions involving stress function for the 
membrane stresses and displacements for some the boundary conditions. 

The aim this discussion present more general solution dis- 
placement equations and the boundary-bending problem shells. 

Hyperbolic Paraboloid Supported Four Straight Generatrices.—The dis- 
placements and may expressed the double orthogonal series 
follows 


us Umn Xu,m (x) Yu,n (y) 


and the vertical component the load given quite similar way 


which Xym, Ywn are the chosen func- 
tions satisfying the boundary conditions. 
Introducing, similar the authors Eq. 17, for the membrane energy, Uy, 


sion 


Docent Theory Elasticity and Strength Materials, Prague, Czechoslovakia. 
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which For the bending energy may introduce the authors’ Eq. 


and for the potential energy the load Thus, may obtain, for the 
displacements, the following variational equations. 


bv dx dy =0... (4b) 


which, according the relationships Eq. the variations may writ- 
ten the form 


Sv = Xyy Yyy 5Vqq .. . 


Letting and using, from the series given Eqs. the first 
terms only and substituting them with Eqs. and into get after 
integration the following system the three linear equations 


Un I, + Ig + Wa, Ig = Qi lho 


for the three unknown coefficients which 


- 
(4c) 
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From the unknown coefficients may computed follows 


Vii = D 9 (8b) 
which 


the determinant the system. 

The preceding general solution may applied for hyperbolic paraboloids 
supported four straight generatrices with different boundary conditions. 

the case the shell with built-in edges, the boundary conditions 


whereas for the vertical displacement, the function 


which 
3a2 
satisfies the condition along all boundaries, the condition the 


four other points with the coordinates 
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The uniform load may expressed approximately 


which the value will determined the usual manner used for 
computing the coefficients Fourier series follows: 


following values: 


and forth. 


Substituting the preceding values into the Eqs. 8(a-c) 10, 11, and 12, 
get the displacements and 
Then, the bending moments the shallow shell are given the formulas 
that are quite analogous those which are valid for the plates follows 
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ULTIMATE LOAD THEORY FOR CONCRETE FRAME 


Discussion Bruno Barbarito and Guiliano Augusti 


BRUNO and GIULIANO AUGUSTI.2—The aims the writers 
are (a) indicate some interesting test results, recently obtained the lab- 
oratory the Strength Materials Institute the University Naples, and 
(b) compare the applicability, concrete structures, Baker’s ultimate 
load theory and the (n+1) plastic hinge theory, used throughout the world 
limit analysis steel structures. 

several the limit behavior the reinforced concrete members 
shown Fig. was determined, under eccentric thrust simple flexion. 
Two groups tests (referred the following Series No. and No. 
were carried out members reinforced indicated Fig. the third 
group (referred Series No. members without reinforcement. 
Strengths the used materials, pounds per square feet, are Table 

The assumed ultimate stress distribution for reinforced section indi- 
Fig. 2(a). The yield profiles M-N (moment-load) were computed 
and ty, and are indicated with solid lines Fig. 3(a) 
and 3(b). 

Figs. 3(a) and 3(b) are also plotted the experimental points, each 
which the average four tests. For eccentric thrust plot made each 
value M/N. case the rupture and the primary failure con- 
crete (both crushing cracking) practically coincided. flex- 
ion tests (N=0) wide cracks concrete began the points marked cir- 
cle, but collapse occurred for rupture tensile reinforcement only points 
indicated with square. (These latter points agree with stress distribution 

may seen from Figs. 3(a) and (3b) that theoretical and experimental 
profiles M-N are very good agreement. assume that Fig. 2(a) indicates 
the ultimate stress distribution was satisfactorily confirmed. also seen 
that cracks will occur outside the computed profiles due large reinforce- 
ment deformations beyond yield point. 

For members without reinforcement, the ultimate 
shown Fig. 2(b) was assumed (large eccentricities) and Fig. 2(c) (little 


Dr. Engr., Asst. Strength Materials. 
Engr., Asst. Bridge Constructions, Univ. Naples, Naples, Italy. 
“La rottura delle sezioni presso inflesse cemento armato,” Raithel and 
Barbarito, Giorn. Genio Civ., 1959. 
“La rottura delle sezioni pressoinflesse conglomerato non armato,” 

Barbarito, Genio Civ. Publication pending. 

Sul calcolo rottura delle strutture conglomerato armato. “L’industria italiana 
del cemento,” Franciosi, No. 1954. 
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eccentricities). The value (flexion tensile strength) and (prism 
strength) were directly obtained testing members, identical the other 
ones, simple compression and flexion. The profile M-N Fig. 3(c), com- 
puted according Figs. 2(b) and 2(c), appears the most agreeable the 
experimental points (Fig. 3c). 


FIG, 1.—REINFORCED CONCRETE MEMBER FIG, 2.—STRESS DISTRIBUTION 


the reinforced members the concrete actual strength was equal the 
cubic strength cy, while non-reinforced members was only 2,850 psi, 
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FIG, 3.—YIELD PROFILES 
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The axial force—curvature curves, for constant eccentricities, were also 
obtained these tests. Some curves, related tests series No. are 
shown Fig. (These curves were derived reading gauges order ob- 
tain the indicated value the load. Therefore, they are not inclusive de- 
formations under constant load. Each test lasted 

The axial force—curvature curves Fig. are limited concrete fail- 
ure. The values, which can derived from them, vary between .004 and 
appears that the safe value .01, suggested Mr. Baker, may 
actually too great. 

investigating these curves, may seen that permissible curvatures 
concrete member rather great. Therefore, the applicability the 
(n+1) plastic hinge method determine the load factor concrete structures 
confirmed. Asa matter fact, tests concrete structural models that 
were carried recently (1954-1959) the laboratory the University 
Naples all showed that the actual collapse concrete structures occurs 


TABLE 1.—STRENGTH CONCRETE 


cubic ield Reinforcement 
strength rupture 
4,000 45,500 4400 
2,700 45,500 
4,400 62,500 


All valves pounds per square inch. 


when the (n+1)th plastic hinge develops, and that the elasti-plastic deforma- 
tions beneath the collapse load did not cause cracks the concrete. 
Therefore, the writers think that although Mr. Baker’s method produces 
structures that are safe, not only from collapse but also from wide cracks, 
does not appreciate all the ultimate strength sources reinforced concrete 
structure, and hence gives values the load factors that are the safe side 
but may too much smaller, for practical purposes, than the actual ones. 


“Esperienze travetti cemento armato,” Renzulli, Giorn. Genio Civ., 
No. 1957. 

tema calcolo rottura: risultati sperimentali,” Sorgente, Genio 
Civ., No. 12, 1957. 

Giorn. Genio Civ., No. 10, 1959. 
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curvature 
10°cm' 
175 
125 
400 
10° 


axial load 


FIG, 4.—AXIAL FORCE-CURVATURE CURVES 
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FIXED POINT METHOD MOMENT 


EREMIN,! was correctly stated Mr. Huey that 
academic solutions are often tedious and avoid lengthy compu- 
tations Mr. Huey developed simplified method bending moments distribu- 
tion rigid frames application the fixed points. 

interesting note that Mr. Ritter, more than 100 yrs ago, developed 
the graphical method bending moments distribution which based onthe 
graphical construction with the fixed points. Lately, (1960) numerous graphi- 
cal and semi-graphical methods moments distribution with the fixed points 
were developed. 

the restrained-end beams Mr. Huey used two fixed points. For the rigid 
frame members three sets fixed points may established that the writer 
designated the order their distances from the midspan point central 
points, inflection points, and elastic Fig. 10. 

With the purpose checking and emphasizing, the advantages Mr. 
Huey’s method moments distribution, the writer solved the author’s illus- 
trating problem, shown his Fig. the graphical distribution moments 
shown Fig. 10. 

Three sets fixed points are tied with the graphic construction known 
three line polygon. interesting note that the maximum error the 
bending moments Fig. 10, when compared with those computed Mr. Huey 
his Fig. less than 3%. 

This shows that the concept fixed points rigid frame members has 
important practical value and Mr. Huey should credited for using the fixed 
points his new simple method moments distribution. 


Bridge Engr., Bridge Dept., Calif. State Highway Div. 

Graphical Distribution Bending Moments,” Eremin, 1948, 
publication the author. 

Discussion “Arches and Bents,” Transactions, ASCE, 1950, 630. 
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DESIGN PRESTRESSED COMPOSITE STEEL STRUCTURES* 


Discussion Sven Wichman 


SVEN ASCE.—Mr. Szilard has presented very inter- 
esting and comprehensive paper prestressed composite structures. Such 
structures combine the advantages well complexities inherent both 
prestressed and composite construction. But complexities and controversial 
points can considered well assets, since they stimulate discussion 
and research with the result that even data unfavorable the complex original 
idea will useful for the perfection simpler systems. 

this discussion, comments are limited only three the many com- 
plex problems associated with prestressed composite structures. 

Creep Concrete.—A collection and thorough evaluation scattered 
creep data long due, buta problem complex creep would difficult 
handle paper dealing with prestressed composite structures. least 
six variables creep phenomenon can listed: water cement ratio, 
cement aggregate ratio, type, gradation and distribution aggregate, 
amount and type curing, age when permanent loading started, and 
climatic conditions locality, such as, average relative humidity, char- 
acteristics cyclic variations relative humidity, and average temperature. 

Development creep theory function relative humidity note- 
worthy, and would complete can proven that the other variable 
can neglected. Due the absence such information, seems that the 
advantages prestressed composite construction would become more obvi- 
ous when presented the basis current American Assoc. State Highway 
Officials, AASHO specification requirements. 

Thermal Stresses.—Thermal stresses composite structures 
traced back three distinctly different origins, although the effects and mode 
calculation are essentially similar. 

The expansion coefficient steel well established, but the available 
concrete expansion coefficients vary such extent make any refined 
calculations almost meaningless. Practically the only way determine the 
coefficient, while the structure the design stage, investigate the ag- 
gregate likely used for specify one particular aggre- 
gate since, the numerous variables, the expansion coefficient aggregate 
affects the final coefficient most. 

compilation rock expansion coefficient data would very helpful 
this respect. Rock classification insuch data should based mineral con- 
tent possibly specific gravity, rather than popular designations. Equa- 
tions for computing differential expansion stresses have been developed2 
David. 


November, 1959, Rudolph Szilard. 

Structural Engr., Brookhaven Natl. Lab., Upton, L.I., N.Y. 

Discussion “Application AASHO Specifications Bridge Design,” Robert 
David, Proceedings, ASCE, Vol. 84, No. ST1, January, 1958, pp. 84-92. 
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Typically, aconcrete bridge slab directly exposed the rays the sun, 
while steel girders are the shade. This condition has been treated Mr. 
Szilard for the purpose finding the loss prestress. Further development 
the formulas into readily applicable form would helpful the designers. 

Differential strains due unequal time rates heat absorption and heat 
dissipation (or due unequal diffusivity coefficients) are caused rapid at- 
mospheric temperature changes. Temperature drops 35°F within five min 
and rises 40°F less than ten min have been 

the rate temperature change function time, the heat transfer 
condition termed “unsteady state.” This state involves complicated com- 
bination heat conductivity, specific heat and physical properties the ma- 
terial and its surroundings, and such does not lend itself accurate and 
simple analytical solutions. 

For the purpose comparison, sufficient compare thermal diffu- 
sivity coefficients steel andconcrete. This coefficient defined thermal 
conductivity, divided the product density and specific heat. Its value for 
steel about twenty-five times greater than that concrete, which very 
roughly means that heat will penetrate unit thickness steel twenty-five 
times faster than unit thickness concrete. 

There hardly any question that structural members can quickly 
react the oddest temperature changes Nature can supply. for concrete, 
there definitely time lag present, and, consequently, stresses are induced 
between steel and concrete. Only experimental proof can establish the cor- 
rect quantitative basis such stresses. Consideration these stresses may 
termed undue refinement, but not before definite evidence available 
that there connection between brittle failures and rapid temperature 
changes. long definite data not available, may entirely reason- 
able add some 20°F the normal AASHO design temperature variations 
ranges 120°F 150°F. 

Flexibility.—As pointed out the author, not advisable strive for 
too shallow prestressed girders the proposed type. This, course, due 
the fact that prestressed girder can carry more load than conventional 
girder the same cross section, prestressing forces being arranged that 
the resulting stresses are opposite those caused applied loads. loads 
increase, deflections. Dead load deflections are reduced upward de- 
flection caused prestressing, which just another form camber. Live 
load deflections, however, are hardly affected the prestressing mechanism, 
since the cross sectional area and distribution mass still control stiffness 
the girder. 

small increase the depth girders not objectionable river 
crossings and many grade separation structures. However, for the Inter- 
state Highway System, the headroom requirements are the upturn, and may 
soon instead the present ft. For bridges this category, 
few inches reduced girder depth can make the necessary cost increases 
more tolerable. 

Furthermore, likely that the AASHO limiting live load deflection-span 
ratio 1/800 will reduced 1/1000 for composite bridges. recommen- 
dation this effect has been made4 the Committee Deflection Limita- 


“Climatic Atlas the United States,” Stephan Visher, 1954, pp. 


Bridges the Structural Div., Proceedings, ASCE, Vol. 84, No. May, 1958. 
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tion Bridges the Structural Division, (American Society Civil Engi- 
neers). This recommendation based findings that composite bridges ac- 
tually deflect relatively close the computed values, whereas bridges de- 
signed without composite action actually exhibit considerable degree such 
action. 

The prospects increased bridge clearance and more stringent composite 
girder deflection requirements indicate that there need for bridge girders 
that can carry more loads, are shallower and yet not excessively flexible, and 
are available within present cost ranges. 

hard meet the combined require- 
ments with girders prestressed cables. The super-high strength strands, 
probably the most expensive structural carbon steels available, are total 
loss far stiffness small bridge concerned. 

larger, solid steel prestressing element, rigidly connected the bottom 
flange the girder, will substantially increase the sectional properties the 
composite girder. the various shapes, round, square and flat, only the flat 
prestressing element readily adaptable composite structures. And 
various fastening methods, welding apparently produces the most complete in- 
tegration the girder and the plate. 

Proper material the plate emerges from several conditions. First, 
weldability has well proven, and secondly, allowable strength must 
higher than that the girder, but for economy the excess should limited 
the amount stress induced prestressing, that turn limited later- 
stability the girder during fabrication and transportation. High strength 
low alloy steels (ASTM A242) low carbon content meet these requirements. 
composite girder, prestressed with such aplate, can dimensioned that 
balanced design requirements are rather closely met. 

practicable prestress and weld such beam only the shop. Thus 
the concrete slab not prestressed and does not have beof higher strength. 
There may conflict nomenclature since such girder more properly 
may “prestressed steel girder composite action with concrete 
slab.” 

Prestress can applied mechanical thermal means. Thermal pre- 
stressing appears simpler and faster. necessary heat the plate 
temperatures not more than 100°F above the girder temperature. Heat does 
not necessarily have applied uniformly. The procedure requires some 
well planned coordination, but can developed into routine operation, 
costing hardly more than the welding conventional cover plates, especially 
when numerous nearly equal units are involved. 

closing, the writer wishes stress that the foregoing are 
way intended detract from the originality Mr. Szilard’s conception 
prestressed composite structural system. hoped that the thoughts ex- 
pressed herein will encourage new discussions and lead the improvement 
this potentially useful method. 
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LESSONS COLLAPSE VANCOUVER 2ND NARROWS 
Discussion Kuang-Han Chu 


KUANG-HAN ASCE.—Mr. Hrennikoff has made valuable con- 
tribution his study the causes the collapse the Vancouver Narrows 
Bridge, Vancouver, B.C. The writer, however, can not agree with the author 
the use American State Highway Officials formula for pin end 
columns, 15000 evaluating the buckling strength the web 
in. section. The above formula was based onthe Final Report ASCE 
Committee Steel Column Research, 

the derivation this formula, reduced length 85% the full length 
was assumed. Therefore, for ideally simply supported column, the formula 
paper, with 1/r 85.5, the allowable stress with 33% increase should 15.5 
ksi instead 16.8 ksi. This value 15.5 ksi corresponds factors safety 
1.14 and 1.17, respectively, with respect the test values 17.73 ksi and 
18.23 ksi. These for erection stresses. For normal load- 
ing, they correspond factors safety 1.52 and 1.56, respectively. These 
values, although about 15% lower than the specified value 1.76 (referring 
steel with minimum yield 33,000 psi), seem adequate. 


December, 1959, Hrennikoff. 


Prof., Civ. Engrg., Dept., Ill. Inst. Tech., Chicago, 
Transactions, 98, 1933, pp. 1457-58. 
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CUT-OFF POINTS FOR COVER 


Discussion Nabi Taskinoglu 


NABI A.M. ASCE.—The author’s method finding cover 

plate lengths easy and practical but applicable only for simple beam spans. 
making (Parabolic Interpolation) very accurate result can obtained 

and continuous beam spans can included this method. The example given 

the paper will taken and this method will shown numerically. 

Plate length will estimated as: 


-666 67.08 44.72 


This point 11.18 feet from the support. Dead load and live load moments 
can calculated short time. These moments are: 


287 ft-kips 
57.8 ft-kips 
ft-kips 


Fiber stresses will found using the same section properties. Total 
these stresses are found as: 


fsi 17.067 kips/sq. in. 


which more than permissible stress and plate length should longer. Now 
curve “C” can assumed parabola passing from this point. using the 
same notation distance from centerline span theoretical cut-off 
point, this relation can written: 


From this equation, can found as: 
25.35 


and length cover plate determined as: 


December, 1959, Nat Kanarek. 
Structural Engr., Ellerbe and Co., St. Paul, Minn, 
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This shows that calculated length cover plate accurate enough and can 
easily generalized for continuous beam spans. 

The procedure continuous beam spans slightly different. After finding 
the maximum total-stress location, two points (one each side maximum 
stress point and approximately 20% span length distance each point) 
should chosen and maximum stresses should calculated without cover 
plate section properties. 

Then the same assumption, can said that skew parabola the 
envelope maximum total stresses without cover plates where these three 
points are this curve. 

using skew parabola properties, can find quadratic equation for 
each point. Solution these equations can accepted final solution with- 
out further tedious calculations. 


ENVELOPE 
TOTAL 
STRESSES 


Fig. A-B span continuous beam. From this figure, after find- 
ing stresses points (0), (1) and (2), equations can written 


which the maximum total stress the span without cover plate, 
indicates the total stress point and the total stress point 
refers the allowable fiber stress. and that are the distances 
found theoretical cut-off point can then found. 

using influence line tables, stresses points and can found ina 
short time and, without further trial, cut-off points can determined. 
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ANALYSIS CONTINUOUS TRUSSES CARRY-OVER MOMENTS* 
Discussion Valeriu Petcu 


VALERIU his interesting paper, Mr. Tuma uses the method 
successive approximations. neglects, however, the convergence the 
system equations. appears there need examine this problem. 

Wittmeyer’s criterion convergence,2 applied the case studied, fur- 
nishes the inequality 


verify whether not the condition Eq. fulfilled, shall refer 
the example Fig. and Table the paper. 

From the columns and Table seen that all the top and 
bottom members are infinite the remainder the bars being 
elastic, the maximum value the carry-over factors results. 


T12 = T91 = +.500 


whereas; the top bars, and are elastic, all others being infinite stiff- 
ness, the minimum value the carry-over factors obtained. 


T12 = To = -.500 
From these results seen that carry-over factors vary between 


That is, the system equations the paper verifies the condition conver- 
gence (Eq. continuous beams, whose carry-over factors are 
always negative, continuous trusses may have either positive negative 
carry-over factors, according the ratio between top and bot- 
tom members and the stiffness web members. This peculiarity allows one 
conclude that cases exist which r=0. This indicates that cases may 
arise when the unknowns the equations the system can reduce only 
two, even single unknown instead three. 

the example which reference made, one considers the section 
top and bottom members 5.6 times that the web members, then 


December, 1959, Jan Tuma, 


Research Engr., Structural Analysis Dept., Bldg. Research Inst., Bucharest, 
Rumania. 


Uber die von linearen Gleichungssystemen durch Iteration,” Witt- 
meyer, Zeitschrift fur Angewandte Mathematik und Mechanik, No. 1936. 
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and the system will consist two equations, each having only 
one unknown. 

Since, for current cases, the top and bottom members have larger sections 
than the web members, without attaining such ratios eliminate the carry- 
over factors, the carry-over factors generally have negative values and the 
system equations very rapidly convergent. 

known, the method successive approximations generally does not 
allow one obtain solution with free terms appearing literally. Solving the 
system equations requires free terms expressed numerically. 
for this reason that each loading case must separately investigated, in- 
fluence lines can traced for the support moments. Bothcases imply great 
amount computations. However, for the largest number cases, continu- 
ous trusses have uniform spans and support conditions, with eventual excep- 
tions the end spans. 


The system equations corresponding these conditions can written 


y' X, + Xo + Ky 


+ Xo + Xg + Ko 


which the unknown and indicates the free terms. 
previous the writer has proven the solution this system 


(3) 

which 


the Solution the Elastic Equilibrium Equations with Matrices Jacobi 


Type,” (in Rumanian) Valeriu Petcu, Studii Aplicata, 
Bucharest, No. 1959, pp. 855-865. 
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DISCUSSION 


noted that all numerical coefficients the general Eq. may 
obtained simple recurrent formulas. Thus, for the given conditions, the 
solution the system equations considered can written function 
the literal value the free terms, thus avoiding the aforementioned disad- 
vantage the method successive approximations. 

illustrate the above statements reference will made the author’s 
example number 

The following notations are made: 


From them results, 


The solution the system then 


Eq. can successfully used determine the influence lines the support 
moments. 


Ree 

- 5.5 m9 + M; Ky > -5.5 m3 = Ko 

5.5 29.3 156 829 
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VIERENDEEL BENTS WITH NONPRISMATIC 


Discussion Paul Rogers 


PAUL ASCE.—Messrs. Lee and Wiesinger should com- 
mended for their excellent treatise this interesting problem. Their exten- 
sion the moment-distribution method the Vierendeel bents emphasizes 
the creative genius the late Hardy Cross, the originator moment distri- 
bution. 

The writer will confine his discussion the practical aspects Vieren- 
deel bents. While great deal has been written about such bents, only few 
have actually been used this country. fact, excepting Belgium, Vierendeel 
bents are rather infrequently employed. The reluctance designers the 
use Vierendeel bents may attributed, but not limited, some the 
causes that are discussed. 

addition the considerable bending moments obtained through analysis, 
there exist substantial axial forces. After all, Vierendeel bents are trusses 
with the diagonals removed. The presence such axial forces conspicu- 
ously omitted practically all authors. Despite this, members designed for 
moments and axial forces might turn out uneconomical. 

Even with conventional trusses, secondary stresses often cause complica- 
tions, even though web-members are usually relatively flexible beyond the 
gusset plates. Such secondary stresses become utmost importance for 
Vierendeel bents and girders, due increased rigidity and moment resist- 
ance members. example, Vierendeel truss 100 span, with one 
end pins and the other rollers, may have such deformations, due the 
relative shortening the top chord and lengthening the bottom chord, that 
some the verticals might several inches out plumb under full loading 
conditions. This requires secondary stress analyses, analogous settlement 
support, and re-distribution fixed-end moments. questionable 
whether such extensive numerical computations are warranted. 

The most likely application Vierendeel bents architectural engi- 
neering, where diagonals are undesirable, and where the excessive extra costs 
are sometimes tolerated. The writer had occasion employ the Vierendeel 
truss principle for the exterior bent power plant structure (Fig. 1). 

The interior bay was taken heavy suspended boiler, and, thus, the 
exterior bay had resist the wind forces Vierendeel action. The writer 
was convinced (and still is) that approximate solution entirely adequate 
and proceeded follows: 

Applying the wind force uniformly distributed load continuous 
beam, obtained bending moments, shears and reactions (Fig. 2). Using the 


Cons. Engr., Chicago, 
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FIG, 2.—SHEAR-DIAGRAM 
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FIG, 3.—TOTAL MOMENTS GIRDER 
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FIG, MOMENTS FOOT-KIPS. FIG, 4(b).—DIRECT STRESS KIPS. 
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reactions concentrated loads, general moment diagram obtained for 
equivalent girder. Then, starting from the conjecture that there are points 
inflection all members Vierendeel bent where the values moments 
are zero, the absolute moments (sum top and bottom chords) are obtained 
projecting the locations the imaginary hinges upon the moment diagram 
(Fig. 3). The writer’s assumption the location hinges (in ratio 
squares may subject objections. Relocationof the hinges 
would not substantially alter the values the moments. 

The final moments for all the members the Vierendeel bents are ob- 
tained properly assigning (through statics) moments top and bottom 
chords and the web members (Fig. top chord (exterior column), 
also, has the wind moments added and then the maximum moments are taken 
the faces supports for selection sizes. The axial forces are obtained 
dividing the moments from Fig. the depth bent. 

While the writer’s practical solution substantially different from the 
analytical method, readily admitted that fundamental analysis 
and research are the core all engineering problems. 
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CONTINUOUS GIRDER BRIDGE WITH VARIABLE MOMENT 


Corrections 
Discussion Keiichiro Hayashi, Narbey Khachaturian 


the January Journal the Structural Division, page 

the distance between the concentrated load and the support should 

page 32, Eq. 19c, bracket should appear after the term and 
the end the equation. 

page 34, Eq. 22b, the term 4/16 should changed n/16. 

page 34, Eq. 22c, bracket should appear after the term and 
the end the equation. 

page 34, Fig. 17, the distance between the concentrated load and 

page 38, Eq. 26, bracket should appear after the term 1/16. 

page 39, the equation for the first set the parentheses should 
encompass the entire fraction. 


HIRO A.M. ASCE.—The author has presented inter- 
esting study the continuous girder bridge with the variable moment in- 
ertia. anelectronic computer available many engineers, they can doa 
rigorous analysis this kind very easily. respect, the writer thinks 
this paper timelyand useful. The writer has studied the same problem with 
the stiffness matrix analysis and found that equally useful and has some 
advantage. 

Consider the continuous bridge which the load applied Fig. 
18(a). hinges are introduced all the supports, the structure will deform 
with this load Fig. 18(b). The joint rotations are expressed the ma- 
trix the other hand, the redundant moments are considered out- 
side moments and these moments only are applied every hinge, the same 
structure will deform Fig. 18(c). The joint rotations are shown the 
matrix |6'|. According the matrix analysis, the product the 
post-multiplication the flexibility matrix the (redundant) moment 
matrix the joint rotation matrix Thatis 


From the continuity requirement, these rotations have the same 
the rotations due the load the hinged structure. Thus, 


January, 1960, Sabri Sami. 
Engr., Bechtel Assocs., New York, N.Y. 
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interesting notice that the above relation true only the inner 
joints. also known from the beginning that the moments the two hinged 
ends are zero. Also the reciprocal theorem, thesame the loads 
multiplied the deflections the points loading due the unit-end mo- 
ments. The name the loading matrix given here 

The following are the flexibility matrix for the basic members, and 
the loading matrix for the different types loading. The unnecessary 
elements are not shown. 

Flexibility matrix 


which for the inner member (Fig. 19) 


For the left end member (Fig. 20a) are disregarded 


since they are related with the hinged end and will not appear the fixed 
matrix. 


mg / 


and for the right end member (Fig. 20b) are again 
garded. 
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The loading matrix for uniformly distributed load 


which for the inner member (Fig. 21) 


for the left end member (Fig. 22a) must disregarded since the continuity 
condition does not hold the ends, and 


and for the right end member (Fig. 22b) 


and disregarded. The loading matrix for concentrated load shown 
Eq. which, for the inner member (Fig. 23), 


\ 


for the left end member (Fig. 24a) disregarded. 
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for the right end member (Fig. 24b) 


Using the above results, the problem the three span bridge the 
author’s paper will solved. calculating the elements the matrices, the 
Flexibility matrix obtained follows: 


For span A-B, 


For span B-C, 


0.9553 


5.7108 
For span C-D 


with fop foc disregarded. 
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FIG, 22a 


FIG. 22b 


FIG. 24a FIG. 24b 
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DISCUSSION 151 
Loading matrix are obtained follows: 


For the uniform load pounds per foot, the middle span B-C only is, 


0.9553 


with and disregarded since the continuity condition does not hold 
the ends. 


For the uniform load the span A-B only is, 


= 0 
with and disregarded. 


for the uniform load all the span 


with and again disregarded. 
Thus, the matrices for three conditions combined are 


(a) (b) (c) 


Due the fact that the continuity condition does not hold two ends and the 
end moments are zero, the first and the last rows all three matrices and 
the first and the last columns the flexibility matrix have disregarded. 
Hence, the matrices solved are those shown. Solving matrices, 
the moments are 


(a) (b) (c) 
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The writer thinks that the author’s and the writer’s methods are based 
the same principle and, therefore, the author’s D-factors and the writer’s 
matrices have the identical elements. 

Although the author has covered wide range the practical applications, 
they are still limited. The matrix analysis, the other hand, can easily 
adapted the bridge with any number spans and with any combination 
loading. Once the programming the electronic computer application with 
this matrix analysis prepared for general case, will much more 
compact and easily used. 


NARBEY ASCE.—The author has presented in- 
teresting application the principle virtual work the analysis contin- 
uous structures. This method originated from study the slab rigid-frame 
bridges that was developed the writer connection with his doctoral dis- 
sertation.® Unfortunately the results this study, the form presented 
the author, are only academic interest and are applicable very limited 
way. 

The analysis shown the author valid only for beams rectangular 
cross section. Therefore, the results cannot applied “girder bridges,” 
the author has indicated the title his paper. Steel and prestressed 
concrete girder bridges are generally box I-section and reinforced con- 
crete girder bridges are T-sections. fact, the only type structure 
which the results apply directly the reinforced concrete slab bridge. The 
reinforced concrete slab bridge has limited application since econom- 
ical only when the span lengths are short. 

Furthermore, the derivations are made the basis particular law 
variation for the intrados. The author does not state whether not his re- 
sults are applicable continuous beams with straight parabolic haunches, 
applicable, approximately how much the maximum error each case. 
There indication the paper that the method may conveniently appli- 
cable non-rectangular sections. 


January, 1960 Sabri Sami. 

Study Proportions Rigid Frame Bridges,” Narbey Khachaturian, Ph.D. 
thesis, Dept. Civ. Engrg., Univ. Illinois, 1952, pp. 9-32. 
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PROCEEDINGS PAPERS 


The technical papers published in the past year are identified by number below. Technical-division 
sponsorship is indicated by an abbreviation at the end of each Paper Number, the symbols referring to: Air 
Transport (AT), City Planning (CP), Construction (CO), Engineering Mechanics (EM), Highway (HW), Hy- 
draulics (HY), Irrigation and Drainage (IR), Pipeline (PL), Power (PO), Sanitary Engineering (SA), Soil 
Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping (SU), and Waterways and Harbors 
(WW), divisions. Papers sponsored by the Department of Conditions of Practice are identified by the sym- 
bols (PP). For titles and order coupons, refer to the appropriate issue of “Civil Engineering.” Beginning 
with Volume 82 (January 1956) papers were published in Journals of the various Technical Divisions. To 
locate papers in the Journals, the symbols after the paper number are followed by a numeral designating 
the issue of a particular Journal in which the paper appeared, For example, Paper 2270 is identified as 


2270(ST9) which indicates that the paper is contained in the ninth issue of theJournal of the Structural 
Division during 1959. 


VOLUME (1959) 


MAY: 2014(AT2), 2015(AT2), 2016(AT2), 2017(HY5), 2018(HY5), 2019(HY5), 2020(HY5), 
2023(PL2), 2024(PL2), 2025(PL2), 2027(PP1), 2028(PP1), 2029(PP1), 2030(SA3), 2031(SA3), 


JUNE: 2048(CP1), 2049(CP1), 2050(CP1), 2051(CP1), 2052(CP1), 2053(CP1), 2054(CP1), 2055(CP1), 2056 
(HY6), 2057(HY6), 2058(HY6), 2060(IR2), 2061(PO3), 2062(SM3), 2063(SM3), 2064(SM3), 2065 
(ST6), 2066(WW2), 2067(WW2), 2068(WW2), 2069(WW2), 2071(WW2), 


JULY: 2082(HY7), 2083(HY7), 2085(HY7), 2086(SA4), 2087 
(SA4), 2088(SA4), 2089(SA4), 2090(SA4), 2091(EM3), 2092(EM3), 2094(EM3), 2095(EM3), 2096 
2105(AT3), 2106(AT3), 2107(AT3), 2108(AT3), 2109(AT3), 2110(AT3), 2111(AT3), 
2114(AT3), 2115(AT3), 2116(AT3), 2117(AT3), 2118(AT3), 2120(AT3), 
2124(AT3), 


AUGUST: 2126(HY8), 2127(HY8), 2128(HY8), 2129(HY8), 2130(PO4), 2132(PO4), 
(SM4), 2135(SM4), 2136(SM4), 2137(SM4), 


SEPTEMBER: 2145(HW3), 2146(HW3), 2147(HY9), 2148(HY9), 


OCTOBER: 2190(AT4), 2191(AT4), 2192(AT4), 2193(AT4), 2194(EM4), 2195(EM4), 
2197(EM4), 2198(EM4), 2199(EM4), 2200(HY10), 2201(HY10), 2202(HY10), 2203(PL3), 2204(PL3), 2205 
(SM5), 2215(SM5), 2216(SM5), 2218(ST8), 2219(ST8), 2221(ST8), 2222(ST8), 2223 
(ST8), 2224(HY10), 2225(HY10), 2229(ST8), 2230(EM4), 
(PL3). 

NOVEMBER: 2242(HY11), 2245(HY11), 2246(SA6), 2247(SA6), 2248 
(SA6), 2249(SA6), 2250(SA6), 2251(SA6), 2252(SA6), 2253(SA6), 2254(SA6), 2255(SA6), 2256(ST9), 
2258(ST9), 2259(ST9), 2260(HY11), 2262(ST9), 2263(HY11), 2264(ST9), 2265(HY11), 2266(SA6), 
2267(SA6), 2268(SA6), 2269(HY11)°, 

DECEMBER: 2272(CP2), 2273(HW4), 2274(HW4), 2275(HW4), 2276(HW4), 2277(HW4), 2278 
(HW4), 2279(HW4), 2280(HW4), 2281(IR4), 2285(PO6), 2287 
2291(PO6), 2292(SM6), 2293(SM6), 2294(SM6), 2295(SM6), 2296 
2297(WW4), 2298(WW4), 2299(WW4), 2300(WW4), 2301(WW4), 2302(WW4), 2303(WW4), 2304(HW4), 
2314(ST10), 2315(HY12), 2316(HY12), 2317(HY12), 2318(WW4), 2319(SM6), 2320(SM6), 2321(ST10), 2322 
(CP2). 


VOLUME (1960) 


JANUARY: 2332(EM1), 2333(EM1), 2334(EM1), 2335(HY1), 2336(HY1), 2337(EM1), 2338(EM1), 
2340(HY1), 2344(ST1), 2345(ST1), 2346(ST1), 2347(ST1), 


FEBRUARY: 2355(CO1), 2356(CO1), 2357(CO1), 2358(CO1), 2359(CO1), 2360(CO1), 2361(PO1), 2362(HY2), 
2363(ST2), 2364(HY2), 2365(SU1), 2366(HY2), 2367(SU1), 2368(SM1), 2369(HY2), 2370(SU1), 2371(HY2), 
2372(PO1), 2373(SM1), 2374(HY2), 2375(PO1), 2376(HY2), 2377(CO1)°, 2378(SU1), 2379(SU1), 2380(SU1), 
2381(HY2)°, 2382(ST2), 2383(SU1), 2384(ST2), 2385(SU1)°, 2386(SU1), 2387(SU1), 2388(SU1), 2389(SM1), 
2390(ST2)©, 2391(SM1)°, 2392(PO1)°. 

MARCH: 2393(IR1), 2394(IR1), 2395(IR1), 2396(IR1), 2397(IR1), 2398(IR1), 2399(IR1), 2400(IR1), 2401(IR1), 
2402(IR1), 2403(IR1), 2404(IR1), 2405(IR1), 2406(IR1), 2407(SA2), 2408(SA2), 2409(HY3), 2410(ST3), 2411 
(SA2), 2412(HW1), 2413(WW1), 2414(WW1), 2415(HY3), 2416(HW1), 2417(HW3), 2418(HW1)°, 2419(WW1)¢, 
2420(WW1), 2421(WW1), 2422(WW1), 2423(WW1), 2424(SA2), 2425(SA2)°, 2426(HY3)°, 2427(ST3)°. 

APRIL: 2428(ST4), 2429(HY4), 2430(PO2), 2431(SM2), 2432(PO2), 2433(ST4), 2434(EM2), 2435(PO2), 2436 
(ST4), 2437(ST4), 2438(HY4), 2439(EM2), 2440(EM2), 2441(ST4), 2442(SM2), 2443(HY4), 2444(ST4), 2445 
(EM2), 2446(ST4), 2447(EM2), 2448(SM2), 2449(HY4), 2450(ST4), 2451(HY4), 2452(HY4), 2453(EM2), 2454 
(EM2), 2455(EM2)°, 2456(HY4)¢, 2457(PO2)¢, 2458(ST4)°, 2459(SM2)°. 

MAY: 2460(AT1), 2461(ST5), 2462(AT1), 2463(AT1), 2464(CP1), 2465(CP1), 2466(AT1), 2467(AT1), 2438(SA3), 
2469 HY5), 2470(ST5S), 2471(SA3), 2472(SA3), 2473(ST5S), 2474(SA3), 2475(ST5), 2476(SA3), 2477(ST5), 2478 
(HY5), 2479(SA3), 2480(STS), 2481(SA3), 2482(CO2), 2483(CO2), 2484(HY5), 2485(HY5), 2486(AT1)C, 2487 
(CP1)©, 2488(CO2)¢, 2489(HY5)©, 2490(SA3)®, 2491(ST5)°, 2492(CP1), 2493(C02). 

c. Discussion of several papers, grouped by divisions. 
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Structural Division Journal 


ASCE CONVENTION, RENO, JUNE 19-24, 1960 


The Structural Division Program for the Reno ASCE Convention will have 
its theme the subject “Loads and Stresses.” Stewart Mitchell the Struc- 
tural Division Program Sessions Chairman well the General Program 
Chairman for the whole Convention. and his associates have prepared 
excellent program which deserves our support. 

There will four half-day sessions Monday and Tuesday, June and 
21. The tentative arrangement three papers Monday the strength 
bolted joints Professor Munse, Professor Beedle and Mr. 
Higgins. Monday there will papers high strength steel for 
and high strength deformed bars Mr. Eivind Hognestad. Tuesday will 
devoted reinforced concrete with papers shear and diagonal tension 
Professor Boris Bressler, strength long columns John Kozak, and 
loads and stresses ultimate load design Professor Phil Ferguson. 
Tuesday afternoon there will joint meeting with the Structural Engineers 


Note.—No. 1960-15 part the copyrighted Journal the Structural Division, Pro- 
ceedings the American Society Civil Engineers, Vol. 86, No. May, 1960. 
Copyright 1960 the American Society Civil Engineers. 
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Association California. will panel session the newly revised 
earthquake code. 

The complete program for the Convention published CIVIL ENGI- 
NEERING. 


EXECUTIVE COMMITTEE 


The Executive Committee the Structural Division held three-day meet- 
ing during the recent ASCE Convention New Orleans. There was 100%at- 
tendance this meeting. Present were Robert Dewell, Chairman, 
Emerson Ruble, Nathan Whitman, Jr., George Vincent, Charles 
Looney, Secretary, and Elmer Timby, Contact Member for the Board 
Direction. 

The Committee discussed the necessity meeting with the Administrative 
Committees the Division least once year. was pointed out that the 
Division had fifty Task Committees actively engaged the conduct re- 
search work and that was impossible conduct efficiently all the busi- 
ness the Division through the mails. was considered most desirable that 
each ASCE Convention, certain Administrative Committees individually 
hold meetings and then meet with the Executive Committee review the ac- 
tivities their various Task Committees and the future plans the Adminis- 
trative Committee. Tentative plans call for requesting approval for the Com- 
mittee Metals and the Committee Nuclear Structures and Materials 
meet the Reno Convention. 

Considerable discussion developed over the proposal form Nuclear 
Coordinating Committee the Society. The purpose this Committee would 
explore the possibility forming separate Nuclear Technical Division. 
The Executive Committee decided endorse the formation this Committee 
with the proviso that its function limited providing information the 
pros and cons the formation new division. 

The Executive Committee studied the general problem supporting the 
various Research Councils. was decided request the Society supply 
funds support the Research Councils. 

The Administrative Committee Buildings met with the Executive Com- 
mittee. Chairman Dewell, who the Contact Member the Committee 
Buildings, emphasized the importance the organization this Committee 
the ASCE. The purpose each Task Committee was carefully reviewed. 
article describing the organization and aims the Committee Buildings 
appears this issue the NEWSLETTER. 

was noted that Elmer Timby has been appointed Official Representa- 
tive the ASCE the Stockholm, Sweden Congress the International As- 
sociation for Bridge and Structural Engineering. Frank Baron has been ap- 
pointed Official Representative the Structural Division the same Con- 
gress. expected that Frank Baron will report this Congress the 
Boston ASCE Convention. 

The Executive Committee also discussed the budget, travel reimburse- 
ments, publications and received reports the activities the various Tech- 
nical Committees. Considerable time was spent going over the programs 
for the Reno and Boston Structural Division Programs. 
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The Administrative Group for the Committee Buildings met New Or- 
leans our last convention organize the various Task Committees. With- 
the framework the purposes for which the Committees were originally 
established, namely, (a) make recommendations which will lead the im- 
provement relations between the engineer and others who participate 
design and construction the building field; (b) review and correlate the 
technical problems the building field for the purpose recommending ac- 
tion and study this Committee codes with other Committees the 
Society; (c) encourage dissemination available knowledge the building 
field, each Task Committee soliciting members three catagories. These 
classes committee membership are; (a) the control group which ad- 
minister the affairs the Committee, (b) the actual committee members, and 
(c) the affiliate members who although are not official members would receive 
the correspondence and have the privilege taking part committee delib- 
erations and actions. From time time, may necessary shift the 
membership classifications among the various groups the basis interest 
and availability. 

All members wishing serve any the various Task Committees are 
asked write the individual chairman listed below, expressing the appli- 
cant's willingness serve, his special field interest, education, and the 
type membership which would most interested. 


TASK COMMITTEE STRUCTURAL DESIGN METHODS 


The Task Committee Structural Design Methods considering the broad 
general aspects and the philosophy design structures the building 
field. number projects have been suggested for study this Committee, 
one which the evaluation the electronic computation for building de- 
sign. 

Anyone interested being appointed membership this Committee, 
kindly write Milo Ketchum, 730 Klamath Street, Denver Colorado. 


TASK COMMITTEE THE STUDY BUILDING CODES AND 
SPECIFICATIONS 


The Task Committee the Study Building Codes and Specifications will 
studying the existing codes from the broad approach policy and function- 
considerations, rather than from the technical and problem solving atti- 
tudes, and will review such areas need constructive critic. Special 
problems technical nature will referred appropriate committees 
new sub-committees organized for this purpose. All engineers wishing 
serve this Task Committee, kindly write Charles Yoder, 3505 West 
Center Street, Milwaukee 10, Wisconsin. 


TASK COMMITTEE INTER-PROFESSIONAL ACTIVITIES 


The immediate function the Task Committee Inter-Professional Ac- 
tivities define the relationship the structural engineer the broad 

field civil engineering, and establish the proper inter-professional under- 
standing among all engineers directly related building design. 
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Anyone interested becoming member this Committee, kindly write 
Professor Miller, University Washington, Seattle, Washington. 


THE TASK COMMITTEE LATERAL FORCES 


The Task Committee Lateral Forces under the Chairmanship 
Binder now studying the problem “drift” buildings caused both 
wind and seismic loads and would invite data and opinions from various inter- 
ested engineers. 

Mail all comments Binder, Bethlehem Pacific Coast Steel, 
Box 258, Torrance, California. 

For the Reno Convention June, the Committee cooperating with the 
Program Committee organizing panel the various aspects seismic 
design for buildings. 


COMMITTEE WOOD 


The Administrative Committee the Committee Wood met the For- 
est Products Laboratory January 20, 1960. attendance were May, 
Shope the National Lumber Manufacturers' Association attended did 
Dewell and Emerson Ruble, members the Executive Committee the 
Structural Division. 

For the past few years the principal task the Committee Wood has 
been the revision ASCE Manual 17, “Timber Piles and Construction Tim- 
bers”. After considerable discussion, was decided drop this project and 
also recommend that Manual eliminated from the ASCE list publi- 
cations. was pointed out that most the material Manual was now 
obsolete. Much the new material that would have been incorporated the 
manual available number other places. Some the material has 
been published the Structural Division Journal and anticipated that 
some the chapters that are nearly completed will also published future 
issues the Journal. 

Attention was then focused the desirable organization and future func- 
tions the Committee. was decided disband all Task Committees and 
was agreed that the following new Task Committees should organized: 


Task Committee Technical Presentation—Chairman-John Shope 
The scope this committee encourage and facilitate publication tech- 
nical papers and reports and develop technical sessions wood. 


Task Committee Technical Literature—Chairman-Wayne Lewis 
The scope this committee compile, maintain, and publish periodically 
classified bibliography selected technical literature. 


Task Committee Wood Research—Chairman-Lee Crandall 

The scope this committee maintain list recommended research 
projects and lend its aid the evaluation and stimulation proposed re- 
search. This list research projects will available colleges and re- 
search institutions. 
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COMMENTARY PLASTIC DESIGN STEEL 


The final progress report the Commentary Plastic Design Steel 
appearing the April 1960 issue the Engineering Mechanics Division Jour- 
nal. continues the work Joint Committee Welding Research Council 
and the American Society Civil Engineers. The purpose provide the 
background theory and test upon which recommendations may based for 
design the plastic method. 

The Joint Committee has approved the publication this Commentary with 
strong recommendation that read carefully all structural engineers. 
based series preliminary reports prepared for the WRC and the 
ASCE research group Fritz Engineering Laboratory, Department 
Civil Engineering, Lehigh University. 

Although much the experimental and theoretical work reported was per- 
formed Lehigh University, the WRC-ASCE Joint Committee has broadened 
this Commentary including the results research other institutions 
both here and abroad. 

The complete Commentary will eventually published ASCE final 
joint report the WRC and ASCE. The complete table contents the 
Commentary with the dates publication the Engineering Mechanics Divi- 
sion Journal appears below: 


1.1 Structural Design 
(July 1.2 Plasticity and Design—Some Advantages 
and Limitations 
BASIC PRINCIPLES 2.1 Behavior Material and Structural 
(July 1959) Elements 
2.2 Plastic Theory 
ANALYSIS AND DESIGN 3.1 Assumptions 
(July 1959 3.2 Statical Method Analysis 
3.3 Mechanism Method Analysis 
3.4 Other Methods 
GENERAL PROVISIONS 4.1 Introduction 
(July 1959) 4.2 Types Construction 
4.3 Material 
4.4 Structural Ductility 
4.5 Yield Stress Level 
4.6 Plastic Moment 
4.7 Loads 
4.8 Load Factors 
VERIFICATION 5.1 Basic Concepts 
PLASTIC THEORY 5.2 Continuous Beams 
(July 1959) 5.3 Frames 
ADDITIONAL DESIGN 6.1 Shear Force 
CONSIDERATIONS 6.2 Local Buckling 
(October 1959) 6.3 Lateral Buckling 


6.4 Variable Repeated Loading 


COMPRESSION MEMBERS 7.1 Introduction 
(January 1960) 7.2 Reduction the Plastic Moment Due 
Axial Thrust 


4 
‘ 
4 
4 
i. 
. 
é 
Se 
‘ be 
a 
= 


ve 


1960-15--6 May, 1960 


7.3 Moment-Carrying Capacity Columns 
7.4 Rotation Capacity 
7.5 The Influence Lateral—Torsional 


Buckling 
7.6 Frame Stability 
CONNECTIONS 8.1 Straight Corner Connections 
(April 1960) 8.2 Haunched Corner Connections 


8.3 Tapered Haunched Connections 
8.4 Curved Haunched Connections 
8.5 Beam-to-Column Connections 
8.6 Details with Regard Welding 
8.7 Details with Regard Bolting 


DEFLECTIONS 9.1 Introduction 
(April 1960) 9.2 Deflections the Elastic Range 
9.3 Deflections the Plastic Range 
9.4 Deflection Ultimate Load 
9.5 Step-by-Step Calculations 
9.6 Approximate Deflection Working Load 
9.7 Rotation Requirements 


WEST COAST CONFERENCE APPLIED MECHANICS 


The 1960 West Coast Conference Applied Mechanics will held 
California Institute Technology, Pasadena, June 27-29. This conference 
co-sponsored annually the West Coast Committee ASCE and the West 
Coast Committee the Engineering Mechanics Division ASCE. 

The purpose the conference promote the presentation and discus- 
sion original research the field applied mechanics, including linear 
and non-linear mechanics, dynamics, vibrations, plates and shells, elasticity, 
plasticity, viso-elasticity, and properties materials. 

Last year's conference Stanford was outstanding success with re- 
search papers presented and general lectures Professors Rosenberg, 
Eli Sternberg and Hodge. Over 200 specialists Applied Mechanics 
from England, Germany, and Canada, well the United States attended. 
With the exception few papers submitted directly the conference and 
accepted for presentation, papers sponsored ASME are selected from pa- 
pers accepted for publication JAM and those ASCE from papers submit- 
ted the EMD Journal the ASCE. 

Professor James Gere, Stanford, chairman and Professor 


Hartz, University Washington, secretary the ASCE West Coast Com- 
mittee for 1960 


FALL MEETINGS 


The Second National Conference Electronic Computation will held 
the Pittsburgh Hilton Hotel September and 1960. Four main themes are 
planned: Design Applications, Structural Analysis, Mathematical Methods and 
Professional Problems. addition, least six major manufacturers data- 
processing equipment will exhibit their machines. 

The National Fall Meeting the American Welding Society will held 
the Hotel Penn Sheraton, Pittsburgh, from September 29, 1960. The pro- 
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gram for this meeting includes sessions devoted the theme Welded Struc- 
tures. These sessions are co-sponsored the Structural Division the 
ASCE, the American Welding Society and the Column Research Council. 

The Annual Fall Meeting the ASCE will held Boston from October 
14, 1960. The theme the Structural Division Program will Basic 
Research. 

Further details these three meetings will appear future issues the 
NEWSLETTER. 


STRUCTURAL DIVISION JOURNAL 


The next issue the Structural Division Newsletter will published 
August. Material for this issue must reach the editor before the end June. 
Committee Chairmen are requested send the editor news items and 
minutes any task committee meetings. 


Gerard Fox, Newsletter Editor 
Howard, Needles, Tammen Bergendoff 
Church Street 

New York New York 
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